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In | he spastic colon 


TRASENTINE- 
PHENOBARBITAL 


RELAXES by selective action 


In the so-called “irritable colon,” or wherever an antispasmodic effect is 
needed, Trasentine acts selectively on the smooth muscle “receptor sub- 
stance” of the abdominal viscera, blocking the effects of post-ganglionic 
cholinergic nerve impulses. Therefore there is little or no pupillary dilatation 
or drying of the mouth as with belladonna or atropine. 


Trasentine-Phenobarbital combines synergistically the spasmolytic action of 
Trasentine with the mild sedative effect of phenobarbital. This combination 
is especially advantageous in a high percentage of gastrointestinal spastic com- 
plaints, since most are of both central and autonomic nervous system origin. 


The effectiveness and lack of untoward reactions of Trasentine-Phenobar- 
bital have established its leadership in the field of antispasmodics. 


Average adult dose is one or two tablets 3 or 4 times daily as required. 


TRASENTINE-PHENOBARBITAL — Tablets (yellow) contain 50 mg. Trasentine 
hydrochloride with 20 mg. phenobarbital in packages of 40, 100 and 500. 


TRASENTINE — Tablets (white) of 75 mg. in bottles of 50 and 500; also 
suppositories of 100 mg., and ampuls of 50 mg. 


& 
Ciba PHARMACEUTICAL PRODUCTS, INC., SUMMIT, NEW JERSEY 


TRASENTINE (brand of adiphenine) — Trade Mark Reg. U.S. Pat. Off. 2/1429M 


Page 1 
























Natural 


Absorbers 











Like the strands of the spider’s web, 
silk fibers are notable for their great 
elastic strength—a quality that makes them 
pre-eminent as suture material. 


Silk sutures can be stretched 20% and retain 
their original strength. When tension 

is released, they return to approximately 

their original dimensions. 


Their ‘‘shock absorber’’ quality helps prevent 
breakage when knots are tied; acts as 
insurance against knot slippage. Silk sutures 
reduce tissue strangulation during 
post-operative edema. Silk adjusts itself as 
tissues swell and shrink. 


Champion Serum-Proof Silk Sutures are the 
non-absorbable sutures of choice—for elastic 
strength, dependability and perfection of finish. 
They are available from your regular supply 
house, or direct from the makers, 


GUDEBROD BROS. SILK CO., INC., 225 W. 34th ST., NEW YORK 1. 


CHAMPION-PARE 
SERUM-PROOF SILK SUTURES by 


TESTS SHOW ELASTICITY 





























(Fig.1) AnO gauge Champion-Paré Serum-Proof Silk Suture 
prior to stress. (Fig. 2) The same, suspending a 5lb. weight. 
(Fig. 3) The same suture, suspending a 10 |b. weight. 
(Fig. 4) After weights are removed. 


Also makers of: Dermal, Cotton 
and other Champion Sutures 
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(COMBINED SULFONAMIDES) 


OBSERVATION 


*...a Saturated aqueous or urinary solution of one derfvative of sul- 
phanilamide could still be fully saturated with a second and third 
sulphonamide . . . each of the compounds behaving as though it 
were present alone and exerting no influence on the solubility of 
the others.” ! 


CONCLUSION 


‘ 


*,.. the danger of the formation of sulphonamide crystals in the 
renal tubules could be considerably reduced by employing com- 
binations of partial dosages of two or three therapeutically equiva- 
lent sulphonamides rather than the full dosage of any one single 
compound.”! 


APPLICATION 


With ComsisuL* (consisting of equal parts of sulfadiazine, sul- 
fathiazole and sulfamerazine). full therapeutic sulfonamide effect 
is obtained, while the danger of renal toxicity is markedly de- 
creased. Treatment with the combined sulfonamides is charac- 
terized by infrequent crystalluria, never of the “massive” type; 
absence of any signs of serious renal irritations; rarity of nausea 
and yomiting; and decreased incidence of allergic reactions." 


PACKAGING: CompsisuL, combined sulfonamides, is available in 
tablets containing 0.166 Gm. sulfadiazine, 0.166 Gm. sulfamerazine and 
0.166 Gm. sulfathiazole—a total of 0.5 Gm. per tablet. Bottles of 100 and 
1000 tablets. 

ComeisuL Liquid is available in bottles of 4 and 16 oz. Each teaspoon- 
ful (4 cc.) contains 0.166 Gm. sulfadiazine, 0.166 Gm. sulfamerazine 
and 0.166 Gm. sulfathiazole—a total of 0.5 Gm. 


BIBLIOGRAPHY: (1) Lehr, D.: Brit. M. J. 2:943, 1947. (2) Lehr, D.: Brit. M. J. 
2 :543, 1948. 
*® 
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For Rapid Disinfection of Instrume 


—————e ee 


hii 


WLOROPHENYL 


| Disinfecting 
FFICE Use 


a 





Instrumen 
ONAL O 


uable 
pee PROFES 


This powerful disinfecting solution is free from phenol 
(carbolic acid) and mercurials. It is a chlorinated 
phenyl compound that is unusually effective in its 
rapid destruction of commonly encountered vegeta- 
tive bacteria (except tubercle bacilli) as shows in the 
chart. 





PRICE 
Per Gallon . $5.00 
Per Quart . $1.75 Check these additional features— 


® Non-injurious to metallic instruments or keen 
surgical edges. 


Low volatility ... will not irritate eyes, nose 
or throat. 


Will not stain fabrics, skin or tissue. 





Will not dry and fissure hands or skin areas 
if exposed repeatedly. (Chloropheny] is not 
to be used therapeutically.) 


Stable...will retain potency over long 
periods. 





Compare the killing time of this 


PRP instru a Prahalnee Me. 300. te superior bactericidal agent 


recommended as the ideal office con- z Vegetative Bacteria | 50% Dried Blood| Without Blood 
tainer for use with the Solution. 








Staph. aureus 15 min. 2 min. 





Ask your dealer 
E. coli 15 min. 3 min. 





Strept. hemolyticus 15 min. 
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FROM THE PAINTING BY H. HARRIS BROWN 


COURTESY, NEW YORK ACADEMY OF MEDICINE 


Gerge Savid Hewarl 


1862-1933 


Dr. Stewart received many honors in his distin- 
guished career of nearly 44 years in the practice 
and teaching of surgery. 

He was a president of the American College of 
Surgeons, the New York Academy of Medicine, and 
the medical boards of Bellevue Hospital and St. 
Vincent's Hospital in New York 

Dr. Stewart was born in Cumberland County, 


Nova Scotia. In 1899 he was graduated from Belle- 
vue Hospital Medical College (New York Univer- 
sity). Later he was professor of surgery at N.Y.U,; 
in 1916, head of surgery. 

One of the greatest honors Dr. Stewart received 
was the presentation by the late George F. Baker of 
$1,000,000 to New York University to be known as 
the George David Stewart Endowment for Surgery. 


From the Series, Great American Surgeons, Published By 


ETHICON SUTURE LABORATORIES, DIVISION OF JOHNSON & JOHNSON, NEW BRUNSWICK, N. J. 




















NEW CLINICAL 


Sutures swaged to eyeless needles are be- 
ing more widely adopted for use in delicate 
tissues by Gynecologists. Many Obstetri- 
cians have changed entirely to eyeless 
needles for episiotomy closure. 

This trend has been revealed by Ethicon’s 
recent six-month study in many prominent 
hospitals. As a result, a new group of 13 Ob. 
and Gyn. eyeless needle sutures has been 
developed. There are four new needles, 
swaged to chromic gut, sizes 3-0 to 2. 

The clumsy bulk of the eyed needle, com- 
bined with the doubled strand, with its at- 
tendant tearing or ripping of tissue, has in- 
fluenced the more meticulous technicians to 
take advantage of the refinements derived 
from the eyeless needle. 

Many surgeons have objected to eyed 
needles, used out of necessity, which are 
often too large, bent, dull, or even rusted. 
The Atraloc eyeless needle eliminates these 


Advances in Ob. & Gyn. Suturing 


PROCEDURES 





FAVOR NEEDLE SUTURES 
difficulties as well as the time wasted in re- 
threading needles at critical moments. 

The Atraloc eyeless needle draws a single 
strand of suture through the tissues, elimi- 
nating confusion and minimizing trauma in 
the often difficult and potentially dangerous 
suturing encountered in Ob. and Gyn. work. 
It is carefully engineered and is made by 
highly skilled craftsmen. 

All Ethicon Ob. and Gyn. eyeless needles 
are swaged to Ethicon’s Tru-gauged, Tru- 
chromicized Surgical Gut, noted for its su- 
perior strength and flexibility. 


Swaged Needles At No Extra Cost 


These new Ethicon sutures with swaged 
needles are supplied to hospitals at no extra 
cost over the regular Standard Tubes of 
Surgical Gut. They are delivered in the new, 
unbreakable metal Sterile Pack canisters 
which ‘guarantee sterility of tube exteriors. 





























A trend toward eyeless needles is evident in Ob. & 
Gyn. suturing. Leading surgeons in this field pre- 
fer a non-traumatizing needle, they reported to 
the Ethicon Development and Survey Depart- 
ment. 

The illustrations at the right show the contrast 
between the old style eyed needle and the new 
streamlined, eyeless Atraloc needle supplied by 
Ethicon. 

The eyed needle does greater injury to tissue 
because it pulls a looped suture in its wake. The 
eyeless needle causes minimal trauma by pulling 
a single strand, slightly smaller than the needle. 


The newest improvement in swaging eyeless 
needles is the Ethicon seamless swage, shown con- 
trasted with the conventional swage in the illus- 
trations at the right. 

As shown, the swage has no seam. The suture is 
inserted in a bored aperture in high-tempered 
steel, then locked by compression. No rough edges 
or gaps to scrape tissue. This new swage is only 
one-quarter as long as the conventional swage, yet 
tests show superior holding power. 


Increasing Preference for Eyeless Needles 


Swaged Needles 








CONVENTIONAL SWAGE 





ETHICON SEAMLESS SWAGE 


Better Needles for Today’s Finer Suturing 


In addition to the seamless swage, Ethicon’s 
new Atraloe Needles offer the surgeon these ad- 
ditional advances and improvements. 

Uniform high temper from end to end: Reduced 
bending: Rigidity without brittleness: greater 
strength throughout. The shorter swage means a 
maximum grasping area with parallel flattened 
sides for the needle holder. No turning of needle. 

All points are hand honed, giving uniform sharp- 
ness and long taper. 


COMPLETE LITERATURE SENT ON REQUEST 


ETHICON 


SUPERIOR IN THOSE QUALITIES IMPORTANT TO THE SURGEON 


MAXIMUM 
GRASPING AREA 


FLAT SIDES— 
BETTER GRIP 


POINTS HAND-HONED FOR SHARPNESS 








NYLON — Ethicon’s Black 
Braided Nylon has high ten- 
sile strength, ties readily, and 
is gauged according to U.S.P. 
sizes. 

Ethicon Nylon is a specially 
processed strand which fully 
meets the surgeon’s require- 
ments for a non-absorbable 
suture. It is moisture and 


serum proof, 


Non-Absorbable Sutures of Choice 


SILK— You get intrinsicstrength 
and minimal tissue reaction 
with Ethicon Tru-Formed 
Black Braided Silk Sutures. 

Ethicon Silk forms smooth, 
firm knots, has minimal ad- 
herence to tissue. Non -capil- 
lary, serum-proof, non-toxic, 
strictly U.S.P. gauge. 

Ask your O. R. Supervisor 
for Ethicon Silk. 


ETHICON 


| Fy Wt CS 





COTTON— Ethicon Cotton, 
U.S.P., is 10% to 30% stronger 
thanordinary cotton. Specially 
prepared from imported 100% 
Egyptian long staple fiber. 

Ethicon cotton is free from 
lint and irregularities. No harsh 
fillers or harmful dyes. 

If you have a preference for 
cotton, try Ethicon Twisted 
Cotton. 





ETHICON SUTURE LABORATORIES 


Division of Johnson & Johnson, New Brunswick, N. J. World’s Largest Manufacturer of Surgical Gut 
Suture Laboratories at New Brunswick, N. J.; Chicago, Ill.; Brazil; Argentina; Scotland; Australia 


COPYRIGHT 194s OH NSO! [*} 
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INSTRUMENTS OF AUTHENTIC DESIGN 


The instruments shown above are typical 
of the large number designed by leading 
surgeons for operative or diagnostic 

use in the field of general surgery, and made by 
Pilling craftsmen. No finer instruments are obtainable. 


A. P12498 Babcock Needle Holder; D. P20667 Rock Endometrial 


useful with wire sutures. Curette. 

B. P13670 Babcock Sump Drains, E. P20912 Wilson Amniotic 
Stainless Steel. Trochar. 

C. P18282 Rectal Retractor, F, P21322 Douglas Measuring 
T. Chittenden Hill. Plate. 


Order Pilling instruments direct, 


or write for further information to: 
GEORGE P. PILLING & SON CO. 
3451 Walnut Street 


Philadelphia 4 : ua 
“ A Standing Invitation: 


@ mevaumentes av- : , When in Philadelphia, visit our 
j - i° new salesrooms. Free parking 


on our private lot. 
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In several investigations it has been dem- 
onstrated that Zephiran chloride is a fast 
acting antiseptic. It is potent enough to 
kill hemolytic streptococcus, staphylo- 
coccus, Escherichia coli and other patho- 
gens after a few minutes’ exposure. At the 
same time, it is less toxic than mercurials. 
Fast acting, bactericidal Zephiran chlo- 
ride is eminently suited to both office and 
hospital practice where speed of antisep- } 


tic action is so important. 


For your office and hospital practice, SPECIFY 


Supplied as: Aqueous Solution 1:1000, bottles of ep ] ran 


8 oz. and 1 U. S. gallon. Tincture 1:1000, tinted and . chloride } 


stainless, bottles of 80z.and 1U.S.gallon.Concen-5 AN TIS EPTIC 
trated Aqueous Solution 12.8%, bottles of 4 oz. and 
EFFECTIVE * SAFE * ECONOMICAL 


1 U.S. gallon. 


Zephiran, trademark reg. U. S. & Canada, brand of benzal- o 
konium chloride (refined). . tc Ca bbw. 


NEW YORK 13, N.Y. WINDSOR, CANADA 


416M 
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OHIO CHEMICAL MAKES 
« 


FOR ADMINISTERING ANESTHETIC GASES 


@ You will find Ohio Chemical a complete source of supply for 
all surgical anesthesia requirements, including gases and ad- 
ministering equipment @ Heidbrink Kinet-o-meters meet all 
requirements of surgeon and anesthetist for the administration 


of the various anesthetic gases generally employed. Included in 





the 52 models described in the Heidbrink Surgical Anesthesia 


OHIO CHEMICAL PRODUCTS 


Sy ; Catalog are mobile units of three types—cart, stand, cabinet— 
Heidbrink Anesthesia Apparatus , 


¢ Heidbrink Oxygen Therapy and portable apparatus weighing as little as 35 pounds @ You 
Apparatus Kreiselman Resusci- cannot afford to decide upon anesthetic equipment without 
tators ¢ Ohio-Scanlan Sterilizers : . ; : poe ae 

e Surgical Tables *« Operay first having complete details of how “Ohio” can meet your 
surgical LightseScanlan Surgical needs. Write for Heidbrink Surgical Anesthesia Apparatus 
Sutures ¢ Steril Brite Furniture : ae : : ids ; 

* Recessed Cabinctse « U.S. Catalog. For immediate detailed information, call our nearest 
Distributor of Stille Instruments branch sales office. 


OHIO MEDICAL GASES 


Ethylene ¢ Cyclopro- 
pane ¢ Nitrous Oxid « 
Oxygen ¢ Helium « 
Also Laboratory Gases 


and Ethyl Chloride. 











THE OHIO CHEMICAL & MFG.CO. « 1400 East Washington Ave., Madison 
= 10, Wisconsin ¢ Branch offices in principal cities « Represented in Canada by 

Ohio Chemical Canada Limited, Montreal and Toronto, and internationally 
by Airco Corporation (International), 33 West 42nd Street, New York 18, N. Y. 
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PRESSURE NECROSIS 
AMPUTATOR 


(SANDERS) 


Indicated in many 
cases of poor surgical 
risk where the 
consulting surgeon 
would ordinarily 
advise self amputa- 
tion by necrosis. 


PRICE—S$6 ea. 
6 for $30.00 


Order from your dealer 
or direct from us... 


prepaid. 


(Top photo) Application 
of Amputator; (middle) 
completed amputation; 
(bottom) multiple 
application. 


THE JOHN BUNN CORP. 


4) Vernon Place 


Buffalo 14, N. Y. 





Teelawuket Ranch 


BAYFIELD, COLO. 


Located on the upper end of the 
Vallecito Reservoir on the beautiful 
Pine River. Two thousand acres 
enclose five miles of private fishing 
stream. Surrounded by the San 
Juan National Forest which pro- 
vides an unlimited number of trails 
into the primitive area. Lodge and 
cabin accommodations with bath. 
American Plan. Forty saddle horses 
and pack mules are maintained for 
extended trips into the primitive 
region. Write for descriptive folder. 


Winter Address (Nov. 1 to May 1): 
8015 Maryland Blvd. 
Clayton 5, Missouri 


77X 


Home 
of the 
Narajo 
and 
Ute 
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Forty Years of 


EXPERIENCE 


in Suture Manufacture 





Davis & Geck history covers forty years—the span of modern suture manufacturing 
in the U.S.A. During these years D&G has led consistently in the development and 
production of sutures and has amassed a fund of specialized experience and knowl- 
edge that is unequalled in the industry. Today, all D&G sutures are precision 
products—the result of decades of planned research and development of methods 
for absolute control over every factor that contributes to correct performance. 
They reflect the combined efforts of clinician, chemist, physicist, biologist and other 
specialists in applied science—all working with facilities for the utmost accuracy 
in processing and testing. Consequently, they are recognized as the standard of 


quality by surgeons throughout the world. 





DAVIS & GECK, INC. BrookLyN, NEW YoRK 


MARCELLO MALPIGHI (1628-1694) -L hough never a surgeon, Mal- 
pighi’s intensive studies in physiology led to important ad- 
vances. He is credited with the first accurate description of 
the vesicular structure of the human lung and the gray matter 
of the brain. Pioneering in the application of the microscope to 
the study of anatomical] structure, he was the first to observe the 
blood circulating through the capillaries of a frog. His name 
is still associated with the discoveries regarding the character 


of certain parts of the epidermis, the kidney and the spleen. 








The Journal of Bone and Joint Surgery 


/ 


hes grown : 


NOW PUBLISHED IN TWO VOLUMES 


At New Subscription Bates 
American and British Volumes: Combination price $14.00 or £3.10.0. 


American Volume $10.00 or £2.10.0 British Volume £2.10.0 or $10.00 
Published, Jan., April, July, Oct. Published, Feb., May, August, Nov. 


By offering both volumes at a combined-subscription rate, The Journal of Bone and 
Joint Surgery is able to bring to its readers eight issues, at six-week intervals through- 
out the year. 

Each volume is complete in itself, and contains a separate index. The two volumes 
together comprise an accurate, timely, authoritative journal which is international in 
scope, the only one in English devoted to the field of orthopaedic surgery. 


The Official Publication of: 


The American Orthopaedic Association 
The British Orthopaedic Association 
The American Academy of Orthopaedic Surgeons 
The Australian Orthopaedic Association 
The Canadian Orthopaedic Association 


AMERICAN VOLUME BRITISH VOLUME 
Editor: WititaM A. Rocers, M.D. Editor: Sir REGINALD WATSON-JONES 
8 The Fenway 45 Lincoln’s Inn Fields 
Boston 15, Massachusetts, U.S. A. London, W.C. 2, England 


THE JOURNAL OF BONE AND JOINT SURGERY 


8 The Fenway Boston 15, Massachusetts 


Please enter my subscription for: 


THE AMERICAN and BRITISH VOLUMES-----~--(£3.10.0) $14.00 
THE AMERICAN VOLUME ONLY.-.--------------(£2.10.0) $10.00 
THE BRITISH VOLUME ONLY._.-----..-------..---(£2.10.0) $10.00 
{enclose check in payment 


dating from the issue of ------------for which I will resale om receioe of bill 





Checks should be made payable to The Journal of Bone and Joint Surgery. 
Subscriptions may be sent to either the American Office or the British Office. 
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in every corner Penicillin products bearing 


the Lilly label are easy to obtain. 


Complete assortments are maintained by most of the drug stores and 
hospitals located in every corner of the nation. Your pharmacist, in turn, can easily 
replenish stocks from near-by drug wholesalers. No other nationally distributed pharmaceutical 


products may be obtained more quickly and easily than those bearing the Lilly label. 


Penicillin—G, Crystalline-Potassium, is available in ampoules, ointment, ophthalmic ointment, tablets, 


and troches. Complete literature is available to physicians upon request. 
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Original Communications 


AN EXPERIMENTAL STUDY OF COLLATERAL CORONARY 
CIRCULATION PRODUCED BY CARDIOPNEUMONOPEXY 


B. NoLAND CARTER, M.D., Epwarp A. GALL, M.D., AND 
CHARLES L. WapswortH, M.D., CINCINNATI, OHIO 


(From the Department of Surgery, College of Medicine of the University of Cineinnalt, 
and the Cincinnati General Hospital) 


N VIEW of the prevalence of coronary artery disease, several intensive studies 

have been directed within the last decade toward devising means of producing 
collateral coronary circulation. Several possible sources of such a collateral 
blood supply exist: the thoracie wall, including the pectoral muscles, the in- 
ternal mammary artery, and the intercostal arteries; the pericardium; the 
omentum; and the lung. Investigators in this country and abroad have under- 
taken experimental studies utilizing various of these sources (Fig. 1). 

Interest in the surgical approach to the problem of coronary artery disease 
was stimulated by Claude Beck,®® who formulated the concept of the ‘‘trigger 
zone’’ of myocardial anoxemia and of a prophylactie ‘‘blood bath’’ to sueh a 
functionally impaired area. He emphasized the fact that complete ocelusion of 
all branches of a coronary artery, however small, supplying a given area of the 
heart resulted in far more rapid and irreversible damage to myocardial fune- 
tion than partial occlusion of much larger vessels. 

Beck’s first operation involved covering the heart with a flap of the pee- 
toralis major muscle and suturing it to the parietal pericardium, using the 
vessels of that muscle as a source for a collateral blood supply.*!: °? 5% 5% 69 61, 8° 
In subsequent studies he effected a new blood supply to the heart through vas- 
cular adhesions resulting from mechanical abrasion and chemical irritants.°® §* °° 
He also found that vascularization of adhesions produced by either of these 
methods or by a combination of both was adequately developed only in those 
animals with definite antecedent myocardial ischemia. This observation has 
heen corroborated by Lezius and by us. In two series of 50 dogs each, Beck 
ligated the anterior descending branch of the left coronary artery 0.5 em. below 
its bifureation, with a mortality of 70 per cent in one series and 68 per cent in 
the other. With simultaneous abrasion of the entire epicardial surface, mortality 


from ligation was 60 per cent in another series of 50 animals. When abrasion 


Received for publication, July 26, 1948. 
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was done from one to three weeks prior to ligation, the mortality was 38 per 
cent. In 19 experiments in which adhesions were produced by the introduction 
of finely powdered asbestos into the pericardial sac, the mortality from = sub- 
sequent ligation was 31 per cent. The degree of infarction was found to be less 
in the three series of animals with protective adhesions than in the two series 
with ligation alone.®® 


Lluscile 


sy 
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Ligation coronary sinu 5 


Fig. 1.—Various methods of producing collateral circulation. 


O'Shaughnessy (19386-1937) °: ‘* 55° used the omentum as a source for a 
collateral coronary blood supply, bringing it up through the diaphragm and 
suturing it to the surface of the heart. Although he reported no mortality sta- 
tistics in his experimental studies, he described diminished exercise tolerance in 
cats and dogs following ligation of the left coronary artery with restoration of 
tolerance almost to normal following cardio-omentopexy in these same animals. 
He was able to demonstrate anastomoses between the omentun and the heart by 
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means of Thorotrast. He also performed experimental cardiopneumonopexy on 
2 animals, reporting the production of demonstrable adhesions. 

Meanwhile Lezius (1937-1988)** *° in Germany was concerned with the 
utilization of the lower or middle lobe of the left lung as a source for a collateral] 
blood supply to the heart. He produced sterile adhesions by painting the op- 
posing surfaces of both organs with a 35 per cent solution of trypaflavine and 
suturing them together. He believed that cardiopneumonopexy could more 
adequately produce compensatory circulation than any previously deseribed 
method, and that it had the added advantage of being a more easily perfornied 
operation, Without giving statistics, he reported that ligation of the left eoro- 
nary artery proximal to its bifurcation was carried out following cardiopneumo- 
nopexy in 18 dogs, 2 of which died with open pneumothorax. The remaining 16 
were subjected to systematic running exercises with no evidence of functional 
difficulty. In 3 of these, subsequent ligation of the right coronary artery was 
performed without untoward effect. 

Heinbecker and Barton (1941)** ** produced pericardial adhesions by in- 
trodueing an irritating mixture of Aleuronat, gelatin, starch, glycerin, and 
water through a small opening in the pericardium by means of a ‘‘grease gun”’ 
with a long curved nozzle, and suturing the pericardium to the retrosternal 
tissue. Intercoronary communications thus produced were well developed, but 
the authors did not believe that sufficient protection against death from myo- 
cardial ischemia was afforded. All 14 control animals died within three to five 
minutes after ligation of both branches of the left coronary artery, while in 14 


animals with previously induced adhesions, mortality following ligation of both 
branches of the left coronary artery was 57 per cent. Thompson’” °°? in- 
vestigated the production of vascular pericardial adhesions by means of tale with 
more favorable results, reporting a series of 16 dogs with previously induced 
adhesions after ligation of the descending branch of the left coronary artery. 
In 8 animals the production of adhesions was followed by successive ligation of 


90, 91, 92 


all coronary arteries. Two dogs survived the entire procedure. Thompson 
and Heinbecker and Barton’® ‘7 were the only American investigators to report 
ligation of more than one major coronary branch. Beek,*® reporting the studies 
of both, was unable to corroborate the results of either. 

Iauteux (1946), & © 6 although not attempting to produce collateral 
coronary circulation, sought to relieve the symptoms of coronary artery disease 
by combining coronary vein ligation with pericoronary neurectomy. In a series 
of 15 animals prepared by this procedure, he found that the survival rate follow- 
ing ligation of the circumflex branch of the left coronary artery at its origin 
Was increased to 86.7 per cent. In his control series of 20 dogs only 20 per cent 
had survived similar ligation, while 60 per cent of 10 animals with coronary 
vein ligation alone withstood the ligation of the circumflex branch of the left 
coronary artery. 

After consideration of the various methods reported, it was decided that 
the lung appeared to provide the most effective source for a collateral blood 
supply to the heart. The fact that Lezius’ work appeared to give the best 
demonstrable results substantiated this belief. We therefore attempted cor- 
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roboration of Lezius’ results, introducing certain technical modifications. Beck 
showed that trypaflavine (acriflavine), the substance used by Lezius, is a strong 
irritant and therefore not well suited for application to the epicardium. 
Beck** reported that of the many agents used produeing vascular adhesions 
which he tested, a suspension of finely powdered asbestos in saline solution was 
the safest and most effective. We have accordingly selected asbestos as the 
irritant for the production of adhesions in the operation which we term eardio- 
pneumonopexy. In view of the possibility of interference with coronary eir- 
culation, and the potential danger to the heart, the sutures uniting the lung 
to the heart, described by Lezius, were not used. 


EXPERIMENTAL STUDIES 


Technique of Cardiopneumonopexry.—Monerel dogs are used, the average- 
sized animal being given 14 gr. morphine sulfate intramuscularly one hour 
before operation. After intravenous injection of sodium nembutal (veterinar- 
ian), 1 gr. per five pounds weight, an intratracheal tube is passed, and the dog 
is placed on the right side, exposing the left chest. The intratracheal tube is 
attached to the windshield wiper apparatus described by Beck®® for maintaining 
alternating positive oxygen pressure. The entire left chest is shaved and the 
skin carefully prepared by washing with soap and water for 10 minutes, ir- 


, 


Lk (ts £ é 


; Fig. 2.—The mattress sutures of silk have been placed between the medial edge of the 
pericardial window and the edge of the lung. Asbestos paste will be applied to the opposing 
surfaces of heart and lung and the sutures pulled up and tied. 
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rigating with normal saline solution, and painting with 7 per cent tineture of 
iodine, aleohol, and ether. Sterile precautions and aseptic operative technique 
are maintained throughout. 

A thoracotomy incision is made in the left fourth interspace, and adequate 
exposure is obtained without resection of costal cartilage or ribs by the in- 
sertion of a self-retaining retractor. The left phrenic nerve is identified, mobi- 
lized, and retracted, and the pericardial fat is mobilized and retracted medially. 
Particular attention is directed to avoid opening the right pleural cavity through 
the mediastinum. Five cubie centimeters of 2 per cent procaine solution is 
introduced into the pericardial sac through a small opening and several minutes 
are allowed to elapse. The opening is then prolonged superiorly to within 1 
em, of the left auricular appendage and inferiorly to within 2.5 em. of the tip 
of the apex. The anterior descending branch of the left coronary artery is 
identified and its mid-portion used as the center for a circular ‘‘window”’ 4 
to 5 em. in diameter which is made in the parietal pericardium. Three or four 
interrupted mattress sutures are placed between the medial edge of this peri- 
cardial window and the medial border of the middle lobe of the left lung (Tig. 
2). Finely divided sterile asbestos powder, mixed in sufficient saline solution 
to form a paste, is applied to the surface of the exposed myocardium and the 
opposed under surface of the left middle lobe. The mattress sutures are pulled 
up and tied, the lung is inflated, and closure of the incision in layers is accom- 
plished. The operation can be performed quite easily and quickly, and is ae- 
companied by no operative mortality except for that resulting from the com- 
plications of infection associated with operations on dogs. 

This report concerns studies on 54 animals. The dogs developing infection 
have been excluded from consideration. 

Series I. Normal dogs with cardiopneumonectomy: Twelve dogs were pre- 
pared by cardiopneumonopexy according to the manner just deseribed. All 
animals had received medical investigation preoperatively, including weight, 
blood pressure, venous pressure, circulation time, chest roentgenogram, and 


electrocardiogram. Each of these examinations were repeated within 72 hours 
of sacrifice of the animal. The only significant difference between pre- and 
postoperative findings was the development of typical electroecardiographie 
evidence of pericarditis in all dogs postoperatively. After sacrifice, the 


heart and lungs were removed and injected to determine by gross and micro- 
scopic study whether new vascular channels could be demonstrated between the 
normal myocardium and the adherent lung in dogs with no functional impair- 
ment of the coronary blood supply. 

Technique of Injection—Under intravenous nembutal the dog is bled to 
death by means of a cannula placed in the left femoral artery. The blood is 
collected, citrated, and later mixed with a 10 per cent India ink to form a sus- 
pension for injection purposes. After the trachea has been isolated in the neck 
and clamped, the right thoracic cage is removed and the lobes of the right lung 
are excised, the hilar structures of each lobe having been individually tied with 
braided silk. The mediastinum is opened; the superior and inferior vena cava 
are ligated and divided; and the azygos vein, the innominate and left subclavian 
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arteries, and the thoracic aorta are doubly ligated and divided. The trachea, 
heart, and left lung are removed as a single specimen. By careful sharp and 
blunt dissection the branches of the pulmonary arteries and veins supplying the 
upper, middle, and lower left lobes are isolated. Cannulae are tied in place, 
the location being determined by the phases of circulation being studied. One 
cannula is connected to an injection apparatus consisting of a mercury mManom- 
eter iaterposed between an oxygen tank and the bottle of injection fluid. 
Systemic pressure is maintained by means of the oxygen tank, while the pressure 
of the fluid in the cannula is controlled by the manometer. At the conclusion of 
the experiment, specimens are sent to pathology laboratory for gross and micro- 


scopic examination. 


Series la. Injection through the left middle lobe pulmonary arlery (Table 
I): In 6 dogs, sacrificed between 27 and 116 days after cardiopneumonopexy, 
the specimen was injected through the pulmonary artery to the left middle lobe. 
India ink-citrated blood suspension was used in 5 of these, and India ink in 
water in the other. The pulmonary veins draining the left lung were ligated in 
4 and cannulated in 2. Injection was carried out for 30 minutes under pressure 
of 30 to 40 mm. mercury. 

Grossly, there was no evidence of ink in the myocardium, Microscopically, 
however, all specimens in this series showed ink in several epicardial arteries 
and in the smaller vessels of the superficial myocardium. Occasionally major 
coronary arteries beneath the adherent lung showed ink, and in several specimens 
there was penetration into deep myocardial vessels. New vascular channels be- 
tween heart and lung were uniformly demonstrated. 


Series Ib. Injection through the left middle lobe pulmonary vein (Table 
II): Specimens from 3 dogs sacrificed from 18 to 29 days after cardiopneumono- 
pexy were injected through the pulmonary vein of the adherent lobe for 30 
minutes at a pressure of 10 to 40 mm. mereury. <A cannula placed in the left 
pulmonary artery was allowed to drain. There was no gross evidence of India 
ink in the myocardium, but microscopic examination revealed ink in the epi- 
cardial vessels, chiefly veins, in all specimens (Fig. 3). In one specimen there 
were local areas of penetration of the deep myocardial vessels by injection fluid. 
Evidence of communication between veins of the lung and myocardium was 
demonstrated microscopically in normal hearts with injections carried out at 


pressures as low as 10 mm. mercury. 





Series Ic. Injection through the left coronary artery (Table III): In 
specimens from 3 dogs sacrificed 13 to 32 days after cardiopneumonopexy, in- 
jection was accomplished through the anterior descending branch of the left 
coronary artery for an average of 20 minutes at pressures from 80 to 100 mm. 
mereury. Cannulae were inserted to drain all branches of the left pulmonary 
artery and veins. Grossly the India ink solution was seen to drip from the 
cannula in the left middle lobe pulmonary vein. Microscopic examination 
showed vessels of the adherent lung widely filled with injection fluid in every 


instance. 
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Serves I1: For comparison with the results obtained by cardiopneumono- 
pexy on the normal heart, a second group of studies was performed to determine 
its effect on the ischemic myocardium. In a control group of 28 dogs, simple 
ligation of the anterior descending branch of the left coronary artery was per- 
formed. In a second group of 19 dogs, ligation followed eardiopneumonopexy 
at an interval of 14 to 154 days. The two groups were contrasted from the 
standpoint of mortality and survival rate and of gross and microscopic appear- 
ance of the infarets in the survivors. In addition, animals surviving ligation 
subsequent to lung transplant were sacrificed and the injected specimens com- 


pared with those in Series I. 
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Fig. 3.—Photomicrograph showing injection of the superficial vessels in a normal heart 
after cardiopneumonopexy. The adherent lung is shown at the top with intervening granu- 
lation tissue between it and the myocardium below. 


Technique of Ligation of the Anterior Descending Branch of the Left 
Coronary Artery—Under intravenous nembutal with positive oxygen pressure 
a thoracotomy incision is made in the fourth left interspace. The pericardial 
lat and the left phrenic nerve are mobilized and retracted out of danger. Five 
cubie centimeters of 2 per cent procaine solution are instilled into the peri- 
cardial sac through a small opening in the parietal pericardium, and 1 minute 
is allowed to elapse. The opening is then extended longitudinally directly over 
the anterior descending branch of the left coronary artery. A figure-of-eight 
traction suture is placed in the tip of the left auricle to permit its lateral re- 
traction in order to expose the origin of the left coronary artery. The anterior 
lescending branch is carefully isolated by sharp and blunt dissection and at a 
point 0.5 em. distal to its junction with the cireamflex branch it is ligated in 
ontinuity or doubly ligated and divided. The pericardium is closed with inter- 
upted sutures of fine silk and layer closure of the chest is accomplished. 














SURGERY 


Series Ila. Control series with simple left coronary artery ligation (Table 
IV): In 23 animals operated upon according to the technique just described, 


the survival rate was 52 per cent and the mortality rate was 48 per cent. In 


Beck’s larger series with ligation of the descending branch of the left coronary 


artery, the mortality was about 70 per cent. The low mortality rate of 48 per 
cent in our series may be attributable to the liberal use of procaine and the high 
degree of oxygenation maintained prior to, during, and after ligation. Death 
occurred within 20 minutes after ligation in & cases, usually as a result of left 
ventricular fibrillation with visible e¢vanosis and acute dilatation of the area 
made ischemic. Three dogs lived 8, 17, and 96 hours, respectively, after opera- 
tion. Necropsy was performed on all dogs not surviving the procedure to verity 
the point of placement of the ligature. No dog was included in the series unless 
the septal and circumflex branches were patent and the cause of death was acute 
infaretion or its sequelae. 


TABLE IV. SERIES ITA. LIGATION OF ANTERIOR DESCENDING BRANCH OF LEFT CORONARY 
ARTERY 


DOG , 
NO, LIGATION VIVAL SACRIFICE NECROPSY FINDINGS 


61 12/13/46 Yes 5/21/47 Ligature correct; large infarct anterivr apex 
64 12/30/46 Yes 5/19/47 Ligature correct; large infaret anterior apex 
66 2/27/46 Yes 9/19/47 Ligature correct; large infaret anterior apex 
68 1/20/47 Yes 5/21/47 Ligature correct; medium-sized infarct posterior 
apex 
1/21/47 No Died in ventricular fibrillation in 17 min. 
1/16/47 No Died in ventricular fibrillation in 20 min. 
1/27/47 No Died in ventricular fibrillation in 7 min. 
2/ 3/47 No Died 17 hr. after ligation of myocardial ischemia; 
early apical infarct 
5/47 No Died in ventricular fibrillation in 20 min. 
/ 6/47 No Died in ventricular fibrillation in 20 min. 
/ 6/47 No Died in ventricular fibrillation in 10 min, 
2/17/47 Yes 5/26/47 + Ligature correct; apical sear 2.5 em. in diameter 
7/47 Yes 3/19/- Ligature correct; large infarct left anterior apex 
28/47 No Died in ventricular fibrillation in 4 min. 
2/21/47 No Died on 4th postoperative day; no infection 
Ligature correct; infaret 6 em. in diameter at 
left ventricular apex 
24/47 Yes 5/21/: Ligature correct; scar 2.5 em. in diameter on an 
terior apex 
47 Yes 5/26/47 Ligature correct; anterior apical infaret 2 em, in 
diameter 
47 Yes 5/26/47 Ligature correct; anterior apical infarct 
47 No Died 8 hours postoperatively of acute myocardial! 
ischemia; ligature correct 
47 Yes 0/28/: Ligature correct; large infarct left anterior apex 
47 Yes 1/16/47 Ligature correct; no gross infarct. minimal sear 
ring microscopically 
47 No Died in ventricular fibrillation in 10 min. 
47 Yes \/16/47 Ligature correct; small infaret left ventriculat 
apex 


The surviving animals in the control series all gave electrocardiographic 
evidence of acute myocardial infarction. These dogs were sacrificed 25 to 161 
days after operation and the specimens were sent to the pathology laborator; 
for gross and microscopic examination. 
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Series Ilb. Left coronary artery ligation following protective cardio- 
pneumonopery (Table V): Cardiopneumonopexy was performed on 19 dogs, 
followed at intervals of 14 to 154 days by ligation of the anterior descending 
braneh of the left coronary artery. Both procedures followed the techniques 
described. In all but 3 instances at least 30 days were permitted to elapse be- 
tween cardiopneumonopexy and ligation. The survival rate following ligation 
in this ‘‘protected’’ series was 78.9 per cent, and the mortality rate was 21.1 
per cent. The survival rate in the protected series is thus 26.9 per cent greater 
than that in the control series. According to the method of Campbell,’’* to be 
statistically significant, the difference between any two series of figures must 
be more than twice the margin of possible error due to chance. In series as 


TABLE V. SERIES IIB. CARDIOPNEUMONOPEXY FOLLOWED BY LIGATION OF ANTERIOR 
DESCENDING BRANCH OF LEFT CORONARY ARTERY 


| ‘ZND | 
| STAGE 
DOG IST AND IN- | SUR- 
NO. STAGE TERVAL | VIVAL | SACRIFICED NECROPSY FINDINGS 
ry 10/30/46} 11/25/46 | No |Died 17% hr. | Microscopic evidence of early infare 
| 26 days postligation tion 
| * | = ane —_—— ; - : — 7 
11/13/46 113/47 [3 28/47 Old organizing infarct with myocard- 
davs | ial thinning 
11/13/46] 12/16/46 | Died 15 min. Ventricular fibrillation; microscopic 
days | postligation evidence of myocardial ischemia 
/46| 17 6/47 | 
|} 46 days 


9/28/47 Anterior apical infarction; marked 
scarring microscopically 





5/30/47 Anterior apical infarction; marked 
scarring microscopically 


davs 


6/ 2/47 Large anterior apical infaret; par 
tial scarring Microscopically 


1/46 731/47 | 
§ davs 


| 

days || | 

7/46| 27 3/47 | Yes | 
| | 

| 


/46\ 5/14/47 Tes 16/25/47 Anterior apical scar; myocardium 
154 days patchily scarred microscopically 
9/47| 3/26/47 | 3/ 2/47 Anterior apical scar; scant deep- 
> days | seated scarring microscopically 





9747) 3/27/47 | Yes |6/ 3/- | Anterior apex almost wholly searred 
43 days | microscopically 

47| 3/24/47 | "es 2% /: Anterior apical infaret 
days | | 

47] 5/22/47 | 


7 days 





47 / 7/47 | 
days 


| 
| 
| : 
Left anterior apical infarct 





19/47 | Yes s/ | Anterior apex scantily scarred micro- 
davs | scopically 
‘13/47 | Tes. 16, 47 | Sharply circumscribed apical infaret 
days | 
5/13/47 | 16/25/47 Phin dense apical infarct 
days | 
8/47 | \ ‘Died 20 min. |Died in acute ventricular fibrillation 
days postligation 
9/47 Y 'Died 5 min. Died in acute ventricular fibrillation 
days | | postligation | 








5/12/47 | 16/7 6/47 |Bulbous anterior apical infarct 
days 
92/47 IDied 9/ 3/47 |No report 

30 days 
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short as these reported, the margin of error is 14, and therefore the difference 
between the two series fails by 1.1 per cent of being statistically significant. The 
figures thus seem to indicate the beneficial effect of cardiopneumonopexy on 
survival following ligation of (he anterior descending branch of the left coronary 
artery though they do not statistically establish this point. 

Dogs surviving the two-stage procedure were sacrificed at intervals of 22 
to 142 days after ligation. Specimens from these animals were contrasted with 
those from the control series as to gross and microscopic appearance of the in- 
farets produced by ligation with and without protective transplant. These 
specimens were injected as in Series I, and the development of the collateral 
circulation under conditions of myocardial ischemia was compared with that 
demonstrated in normal hearts to which collaterals had been produced. 


Tee ct. ‘Sa % 
~~ ee ~~ 
eats le, yy a 
so Sy , 


ee 


Fig. 4.—Photomicrograph showing injection of capillaries deep in the myocardium 
beneath the lung graft in a dog subjected to ligation of the coronary artery after protective 
cardiopneumonopexy. 

In seven dogs surviving the two-stage operation the left middle lobe pul- 
monary artery was injected with India ink-blood suspension at a pressure of 
40 mm. mereury for 30 minutes (Table VI). Gross filling of the major coronary 
vessels adjacent to the adherent lung and in the region of the apical infarcts 
was noted. Injection fluid drained freely from the open cannula in the left 
middle lobe pulmonary vein in each instance. Microscopically, good filling was 


obtained only in the myocardium supplied by the ligated vessel (Fig. 4). Where 


the muscle was intact little or no filling took place. Where revascularization 
occurred in the area of the scar the artery was found patent below the point 
of occlusion, and the collaterals were not strikingly evident. 
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,BLE VI. SeERIES IIB. CARDIOPNEUMONOPEXY FOLLOWED BY LIGATION; INJECTION THROUGH 
LEFT MIDDLE LOBE PULMONARY ARTERY 


DOG DATE OF DATE OF DATE OF 
NO. IST STAGE | 2ND STAGE | SACRIFICE MICROSCOPIC OBSERVATIONS 
18 11/22/46 1/ 6/47 3/28/47 Striking filling at apex of major epicardial 
arteries, venules, capillaries, and arteri 
oles; abundant vascularization under ad 
herent lung; good eapillary filling of an 
terior surface of left ventricle 
17 One large artery in scar containing ink, also 
adjacent arterioles; good filling but not 
much penetration at point of ligature; 
fair filling of posterior left ventric cle 
17 Several large arteries containing ink with 
some penetration into apical sear; pene- 
tration below adherent lung of moderate 
order; large artery at level of ligature 
occluded with recanalization 
17 |Grossly much ink in all vessels throughout 
heart; microscopically little evidence of 
penetration 
17 | Artery at level of ligature recanalized; oe 
casional evidences of capillary filling, but 
artery patent below ligature 
17 At anterior apex one large venule and sev 
eral epicardial venules contain ink; rest 
of musculature intaet and without filling 
or scarring 


47 | Injection in situ not satisfactory 


47 |Good filling but no deep penetration in area 
of infaret; several arteries included in 
scar recanalized; no dye found in intaet 
areas of heart 


Gaaauan : All injections except in Dog 134. (in situ) were carried out at a pressure 
of 40 mm. Hg. 

Four other survivors of this series were sacrificed and the specimens were 
injected at a pressure of 10 mm. mereury for 30 minutes through a cannula 
placed in the left middle lobe pulmonary vein (Table VII). Not much injection 
fluid drained from the open cannulae in the branches of the left pulmonary 


TABLE VII. SERIES IIB. CARDIOPNEUMONOPEXY FOLLOWED BY LIGATION; INJECTION THROUGH 
LEFT MIDDLE LOBE Pu LMONARY VEIN (10 MM. H@) 








—_—_—_— we a co 
| DATE OF | “DATE OF DATE OF | 
IST STAGE | 2ND STAGE | SACRIFICE | MICROSCOPIC OBSERVATIONS _ 
9/11/47. | 3/24/47 - § 6/3/47 Ink present spottily in venous sinuses and 
| | arterioles both in infarct and in adjacent 
| area; only rare venules in intact area 
filled; considerable venous and capillary 
filling in region of ligature with some 
recanalization 


| 

|Moderate numbers of small venules and 

| large sinuses near endocardium contain 

| ink 

|Little scarring present, with rare filling of 

| vessels; no dye in intact portion of the 
heart 


3/4/47 





6/6/47 
containing ink, but no sanstemiiiens ar- 
tery patent below tie, no filling; several 
arteries in the epicardial fat contain dye 
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artery, but even at this low pressure gross filling of the major coronary arteries 
in the region of the apex and of the circumflex branch of the left coronary 
artery was noted. In two instances India ink was visible in the right coronary 
artery. Microscopically, dve was found only in infarcted areas, with only rare 
filling of vessels in intact musculature. The relation of myocardial requirements 
to the degree of filling was clearly seen. Comparison of the demonstrable vas- 
cular connections resulting from cardiopneumonopexy on normal hearts with 
those developed to hearts in which myocardial ischemia had been induced by 
coronary ligation further emphasized a striking development of collateral 
channels on the basis of need (Figs. 3 and 4). 

Myocardial Infarcts.—Specimens from 12 control animals (Series Ila) were 
studied both grossly and microscopically and were compared with specimens 
from 13 animals in which ligation of the left coronary artery had been performed 
following cardiopneumonopexy (Series IIb). Complete destruction of the en- 
tire thickness of the myocardium at either the apex, interventricular septum, 
or both, or complete replacement at the apex and partial but extensive searring 
of the interventricular septum, was regarded as indicative of severe damage; 
scarring extensive in area but only partial in its involvement of the thickness 
of the musculature was regarded as representative of moderate damage; while 
slight scarring at the apex with no searring of the interventricular septum, or 
only superficial scarring, was regarded as evidence of minimal damage. With 
these eriteria, the following was established: in the control series of 12 animals 
surviving simple ligation of the anterior descending branch of the left coronary 
artery (Series Ila), 9 dogs, or 75 per cent, had severe damage. In 5 dogs there 
was complete fibrous replacement at both the apex and interventricular septum ; 
in 3 there was dense fibrosis of the apex and considerable scarring of the inter- 
ventricular septum; and in 1 there was considerable scarring of the inter- 
ventricular septum and complete cicatrization of the apex. In the remaining 

TABLE VIII. CONTROL SERIES—TWELVE SURVIVORS OF LIGATION OF ANTERIOR DESCENDING 
BRANCH OF LEFT CORONARY ARTERY 


MICROSCOPIC EXAMINATION 


DATE OF DATE OF MIDPOINT INTERVENTRIC 

DOG NO, LIGATION SACRIF'CE AT APEX ULAR SEPTUM 
61 12/13/46 0/21/47 plus Plus-minus — 
64 2/30/46 3/19/47 4 plus Plus-minus 
66 2/27/46 0/19/47 plus Plus-minus 
6S 20/47 0/21/47 plus 0 

47 5/26/47 plus Plus 

47 | ~— 5 /19/47 plus Plus 

47 9/21/47 3 plus Plus 

47 9/26/47 4 plus Plus 

47 0/26/47 2 plus Plus-minus 

17 5/28/47 + plus = 

47 «6/16/47 | plus 

47 6/16/47 } plus 


95 

97 
103 
108 
109 
141 
156 
158 


Ol He] IC] PO] OS! NC] 


' 
bo} te 


Comment: The criteria in grading the microscopic extent of the lesion refer to thick 
ness of the infarct, and are as follows: minus, very thin scar, minimal in extent; plus-minus 
moderate involvement of musculature; plus, well-defined but circumscribed scarring; 2 and 
plus, considerable involvement: 4 plus, complete obsolescence of musculature. 
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3 animals (25 per cent), there was moderate to minimal damage. One dog 


showed partial scarring of both apex and interventricular septum, and 2 showed 


light scarring at the apex only. 

In the ‘‘protected’’ series (I1b) of 15 dogs surviving ligation of the anterior 
descending branch of the left coronary artery following cardiopneumonopexy, 
13 were sacrificed for microscopic study of the extent of infarction. Of these 
animals only 3, or 23 per cent, had severe myocardial damage. In one dog the 
apex showed a dense obsolete sear, in another the interventricular septum was 
completely fibrosed and the apex severely scarred, and in the third, both apex 
and interventricular septum showed incomplete scarring. In the remaining 10 
dogs (76.9 per cent), there was moderate to minimal damage. One animal 
showed spotty searring of the apex only, 1 had foeal scarring of the apex with 
moderate scarring of the interventricular septum, 2 revealed slight scarring at 
both areas, 2 showed slight scarring at the apex only, and 1 showed very super- 


ficial scarring of both apex and interventricular septum. 


TABLE LX, CARDIOPNEUMONOPEXY FOLLOWED BY LIGATION OF ANTERIOR DESCENDING BRANCH 
OF LEFT CORONARY ARTERY; STUDIES ON THIRTEEN OF SURVIVORS 


DATE Ok 

CARDIO 

PNEUMONO DATE OF DATE OF AT MIDPOINT INTER 

DOG NO, PEX ¥ iGATION SACRIFICE AT APEX VENTRICULAR SEPTUM 
45 11/13/46 3/47 3/28/47 2 plus 
{8 11/22/46 1/47 5/28/47 3 plus 
50 11/27/46 2/ 3/47 9/29/47 plus 

54 12/ 4/46 : 17 i/ 2/47 2 plus Plus 


58 11/11/46 E 17 1/25/47 2 plus Plus-minus 


MICROSCOPIC STUDY OF INFARCT 


+7 2 17 if 2/47 plus Plus-minus 
17 3/27/47 if 3/47 3 plus 0 
93 é 47 3/% 17 i/ 3/47 3 plus 0 
114 : 17 5 17 i/ 9/47 3 plus Plus 
33 2 47 9/47 j 17 2 plus 0 
134 17 3/13/47 I/ 17/47 3 plus Plus-minus 
139 +7 5/13/47 5/29/47 3 plus 0 
145 o/47 | 3/12/47 i/ 6/47 2 plus Plus-minus 
ets CO The criteria in grading microscopic extent of the lesion are as noted 
A comparison of series Ila with IIb demonstrates that in addition to the 
strikingly lowered mortality from ligation, the severity of infarction was less- 
ened in those animals in which protective cardiopneumonopexy had been per- 
formed. Seventy-five per cent of the dogs with ligation alone suffered severe 
myocardial damage, while in the protected series only 23 per cent had extensive 
infarction. These observations indicate the beneficial effeets of cardiopneumono- 
pexy in diminution of the severity of lesions caused by subsequent coronary 
occlusions. 
DISCUSSION 


The results of the experiments just deseribed clearly indicate that vascular 
communications between the heart and the adherent lung can be produced by 
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cardiopneumonopexy. They also show that the survival rate following ligation 
of the anterior descending branch of the left coronary artery is significantly 
improved following this operation and that the degree of myocardial damage is 
lessened. There are, however, several important physiologic questions which 
should be answered and which are concerned with the practical applicability 
of the procedure. These are chiefly three in number. (1) What is the direction 
of the blood flow? Is it from the lung to the heart or vice versa? (2) How 
great a volume of blood can be delivered through the newly established channels 
and how long will such channels continue to function? and (3) What is the 
degree of oxygenation of the blood supplied through the collateral vessels arising 
from the pulmonary circulation ? 

The direction of collateral blood flow in a given area is determined by dif- 
ferential pressures within the two sets of vessels involved. In the situation with 
which we are concerned the normal pressure in the coronary circulation is 
higher than that in the pulmonary, and consequently under normal conditions 
the flow should be from the heart to the lung rather than in reverse, which is 
What one would hope to accomplish by cardiopneumonopexy. Several studies 
have proved that normal pressures in the coronary arteries are higher than 
those in any other vessels. Recent work by Burwell and Dexter®* indicates 
that in the normal heart the systolic pressure in the right ventricle is essentially 
identical with that in the pulmonary artery. Wiggers’ found that after coro- 
nary occlusion, however, pressure curves become lower and change in contour, 
favoring a continuous flow from extracoronary vessels throughout the cardiac 
eycle, but particularly during diastole. Loéhner® found that hearts caused to 
beat by perfusion through the pulmonary artery received a blood flow adequate 
for restricted maintenance of coronary activity. Lezius believed the principle 
of ‘‘blood hunger’’ is of the utmost importance in determining the direction of 
blood flow. At intervals after the establishment of cardiopneumonopexy he in- 
jected the pulmonary artery of the adherent lobe with India ink and severed 
the aorta after three or four heartbeats. After sacrifice of the animal large 
particles of ink were found in the myocardial capillaries and in the right heart, 
demonstrating that three to four heartbeats sufficed to pump pulmonary blood 
into the coronary circulation. Our own in vivo experiments with fluorescein, 
radioactive iodine, and India ink injections through the left middle lobe pul- 
monary artery proved inconclusive, Logically, myocardial ischemia together 
with reduced coronary artery pressure should induce flow to the myocardium 
through the anastomosis rather than the reverse, and Wiggers’ experiments 
make clear the fact that such a process is physiologically possible. Our injection 
experiments following coronary artery ligation preceded by cardiopneumono- 
pexy tend to bear out this fact. 

We have not been able to establish the amount of blood which is delivered 
to the myocardium through the newly formed collateral channels nor have we 
as yet determined the period during which such channels remain patent and 
functional. Several animals are being maintained over a period of months or 
years In an attempt to clarify this point. 
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Since the pulmonary artery is used as the source of blood, the question of 
adequate oxygenation of the blood thus provided arises. Although pulmonary 
artery blood is usually thought to be venous in nature, several factors with 
regard to its nutrient value should be considered. Batson and Bellet?’ pointed 
out that the oxygen tension of venous blood ranges from 60 to 70 per cent, as 
compared with a tension of 95 per cent for arterial blood. They coneluded that 
venous blood can nourish the isehemie myocardium to a certain extent. More 
important still are the recent catheterization studies of Burwell and Dexter,** 
who found that blood withdrawn from the pulmonary artery at a level as deep 
as the lumen of the artery permitted passage of a catheter was representative 
of arterial rather than venous blood. It is reasonable to suppose that the oxy- 
venation is even greater at the still lower level from which the anastomotie 
vessels derive their blood supply. 

In an effort to demonstrate that the collateral circulation developed from the 
lung after cardiopneumonopexy was functionally adequate, Lezius ligated the 
bronchus to the adherent lobe in an animal with a full functional recovery from 
ligation of the main stem of the left coronary artery following cardiopneumono- 
pexy. The animal died within 20 hours in acute coronary insufficiency. Lezius 
also performed cardiopneumonopexy on an animal simultaneously with ligation 
of the bronchus and 6 weeks later ligated the main stem of the left coronary 
artery. The animal died within 11 hours. We have not thus far repeated these 
interesting and eritical experiments. 

Yet another value which may be derived from cardiopneumonopexy is in- 
dicated by the work of Murray.** He found that in experimentally produced 
cardiae infarction the infareted area became dilated and functionally ineffectual 
from the time of arterial occlusion. By controlling dilatation he was able to 
save the lives of many of his experimental animals either by excision of the di- 
lated area followed by immediate suture of the heart or by reinforcing the area 
of potential infarction with a pateh of silk cloth before producing ocelusion. 
We believe that in the case of cardiopneumonopexy the lung may afford splint- 
ing of the potentially infarcted area in a manner similar to that obtained by 
Murray with his second method. In addition to the protection against death 
from eardiae insufficiency caused by dilatation, cardiopneumonopexy affords a 
supplementary blood supply to the area isolated by arterial occlusion. 


SUMMARY 

1. A technique for cardiopneumonopexy has been described in which as- 
hestos powder was used as a means of producing vascular adhesions between 
the heart and lune. 

2. Gross and microscopic evidence has been obtained that by this operation 
new vascular channels can be produced between the myocardium and the ad- 
herent lung, but neither the amount of blood flow, the direction of the flow, 
nor the duration of the patency of these channels has been established. 

3. In the instances in which cardiopneumonopexy was performed on normal 
hearts, injections of 10 per cent suspension of India ink in blood at normal 
pressures revealed some filling of the superficial vessels in the myocardium, but 
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in the case of hearts rendered ischemic by coronary artery ligation there was 


considerably greater filling, not only of the superficial vessels, but of the deep 


ones as well. 

4. Comparison of specimens obtained from dogs in which ligation of the 
: anterior descending branch of the left coronary artery had been performed 
after cardiopneumonopexy with those from dogs in which ligation alone was 
] done revealed less extensive infarets and a lower mortality in the protected 
series. Whereas the mortality in the protected series was 20 per cent, in those 
: animals with simple ligation it was 48 per cent. The frequency of severe in- 


faretion occurred in 75 per cent of animals with simple ligation, but in only 
23 per cent in animals with ligation subsequent to cardiopneumonopexy. 
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BLOOD IODINE 





THE DETERMINATION OF THE 


A UsrkruL METHOD FOR THE CLINICAL LABORATORY 


’ 


ArtTHUR C, Connor, M.D., Roy E. Swenson, M.D., CHARLES W. Park, B.A., 
EKpwIn C. GANGLOFF, M.S., Ropert LieBERMAN, B.A., AND 
GEORGE M. Curtis, Pu.D., M.D. 
COLUMBUS, OHIO 


(From the De partment of Research Surgery of the Ohio State University) 


HE requirements of an adequate micromethod for the determination of the 

blood iodine, satisfactory for use in the clinical laboratory, are several: 
accuracy, dependability, the small amount of blood necessary, together with 
minimal requirements of technical ability, time, laboratory space, and expense. 
These requirements have been met by devising a method which requires no 
transfer of material during the entire procedure; and which uses small quanti- 
ties of blood, small quantities of readily available reagents, and standard labora- 
tory equipment, with the exception of an especial, readily constructed apparatus 
(Fig. 1). 

Through using this method routinely it has been found that a trained 
technician can complete an analysis in less than three hours and eight or ten 
analyses in an eight-hour day. A minimum of five feet of laboratory-desk work- 
ing space is required in addition to the use of the hood, centrifuge, water bath, 
and colorimeter, By limiting the directions for the method to terms of quanti- 
ties, times, and temperatures, and by reducing the number of manipulations, the 
factors of individual skill and judgment have been reduced to a minimum. 
Nevertheless, to be able to introduce this method into the usual clinical labora- 
tory, set it up, make the necessary reagents, and prepare the required standards, 


a technician must have had previous chemical experience. 


REAGENTS AND EQUIPMENT 

RR Hlood. 

2. Centrifuge International centrifuge, Size 2, with attachments for 
centrifuging 250 ml. cups. High speed attachments such as duralumin cups 
and a welded steel guard are desirable, but not necessary, since the separation 
can be accomplished below 2000 r.p.m. 

3. Colorimeter.—Evelyn photoelectric colorimeter* with a 440 millimiecron 
filter. Only uniform colorimeter tubes are used, the rest discarded. 

4. Glassware.—Especially an iodine analysis still (Fig. 1). 

D. Somogyt Reagent. 

Solution I: 12.5 Gm. ZnSO, - 7 H.O C.P. is dissolved in distilled water 
and 125 ml. 0.25 N. H.SO, added and this solution then diluted to one liter. 
Solution IT: 0.75 N. Na OH C.P. (this must be iodine-free). 


Aided by a grant from The Comly Fund for Research of the Ohio State University. 
Received for publication, Jan. 24, 1949. 
*Rubicon Co., Philadelphia, Pa. 

















J00 














Ground 
bs Joint 























Ground 
3 Joint H 

t 
SS 
oO 

6 

ic 
8 | 
S 
oS 
A/l/ measurements ! 
in Millimeters S 
y¥\U) F 


+25 ee 


CONNOR ET AL.: DETERMINATION 








OF 























{i 65 ———++— 26 —+ 


o 


BLOOD 


2mm.C 


L— Ae 


PZ 





IODINE 


apillary 


Ground 


Joint 
(Shortened ) 


— imm.Capillary 





1.—Distillation apparatus for blood iodine 
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Fig. 
The distillation apparatus consists of a reagent chamber 
tube (C), a distillation head (D), a delivery tube (2), a connecting tube (F’), and a return tube 


(G). This is all in one piece and has three 
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The two solutions should be adjusted so that 6.7 ml. of Solution IT is re- 
quired to titrate 50 ml. Solution I to a faint pink, using phenolphthalein as an 
indicator. 

6. Na OH.—Na OH pellets C. P. (Baker’s). These must be tested for 
iodine before use, since an occasional bottle has an appreciable iodine content. 
7. Chromic Acid NSolution Prepared by dissolving 2000 Gm, CrO, 


(chromie acid flake, technical grade*), in 1200 ml. distilled water. 

8. 70% H.SO,—5 ml. concentrated HCl], C.P. is added to 500 ml. H.SO, 

C.P., and the resulting solution is boiled for two hours to obtain iodine-free 
concentrated sulfuric acid.' After cooling, this is diluted with distilled water 

| to make a 70 per cent solution, by volume. 


9. 50% Phosphorous Acid NSolution.—Prepared by dissolving one bottle 
(453.6 Gm.) of phosphorous acid crystals; in distilled water and bringing the 
volume to 907 ¢.¢.% 

10. 1% KOH.—1.0 Gm. KOTL sticks§ per 100 ml. distilled water. 

11. 0.2 N Arsenious Acid.—_9.894 Gm. As.0, C.P. is dissolved in 75 ml. 1 N. 
Na OH solution. Warming hastens solution. Dilute to about 300 ml. and 
titrate solution with dilute iodine-free H.SO, until it is just acid to litmus. 
Add 90.5 ml. iodine-free H.SO,. Cool and dilute to one liter. This solution is 
then 3.25 N. in H.SO,. 

12. 2.4 N HCl.—Coneentrated (12 N) HC] C.P. is diluted with four volumes 
distilled water. 








13. 0.1 N. Ceric Sulfate—Place 58.5 Gm. cerie ammonium sulfate crystals, 
reagent grade}! in distilled water. Add 103 ml. concentrated H,SO, and dilute 
to about 700 ml. and allow to stand over night to dissolve. Dilute to one liter. 
This solution is then 3.7 N. in H.SO,. 

14. Water Bath.—A constant temperature water bath set at 29° ©. 

15. Distilled Water.—Single distilled water has been found satisfactory in 
this laboratory. 

16. Hot Plate.—660 watt, exposed-coil hot plate. 

17. KI Solution.—Used for making standards. KI crystals C.P., dissolve 
and dilute to 10 micrograms iodine per milliliter. Store in a dark bottle. This 
will remain stable for months. Dilute further to 1 microgram iodine per milli- 
liter for making standards. This will remain stable for weeks. 





PROCEDURE 


All glassware is washed with soap and warm water immediately before 
using. It is then rinsed six times with tap water and twice with distilled water. 
Periodically, cleaning solution is used on all glassware. 


*Graselli Chemicals, Wilmington, Del. 

7General Chemical Co., New York, N. Y. 

tEach lot of phosphorous acid purchased must be tested for its potency to release iodine. 
In addition, each lot must be tested for iodine content. Some have an appreciable iodine con- 
tent. This may be reduced by adding twice the calculated amount of water and boiling down 
to the intended 50 per cent solution, but not beyond. Care must be taken to avoid decomposition 
of the phosphorous acid. 

§City Chemical Corp., New York, N. Y. 

G. Frederick Smith Chemical Co., Columbus, Ohio. 
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About 9 ¢.c. of blood are drawn from the patient, under basal conditions. 
This is transferred to a Wassermann tube and placed in the refrigerator for 
about twenty-four hours to allow for adequate clot retraction and serum separa- 
tion. The clot is packed down by centrifugation. Three milliliters of serum 
are then pipetted volumetrically into the special 250 ml. reagent flask (Fig. 
L. £). 

Precipitation of the proteins along with the protein-bound iodine is aec- 
complished by use of the Somogyi reagents.?** Twenty-four milliliters of 
Somogyi Solution I are added to the flask followed by 3 ml. of Somogyi Solu- 
tion II. The mixture is agitated slightly and centrifuged at 1,500 r.p.m. for 
five minutes. The supernatant portion, which averages about 15 ml., is poured 
off into a small container. This is the protein-free fraction and contains the 
‘‘unbound’’ iodine of the blood. A 5 ml. aliquot is pipetted into an Evelyn 
colorimeter tube which is handled the same as the distillate. The distillate is 
collected later. The precipitate remaining in the reagent flask contains the 
physiologically significant protein-bound iodine.® Twenty milliliters of distilled 
water are added to the precipitate, which is stirred and centrifuged again. This 
supernatant fluid is discarded. 

The precipitate is then oxidized by a mixture of chromie and sulfurie 
°12 Three milliliters of chromie acid solution are pipetted into the re- 
agent flask, followed by 25 ml. of 70 per cent sulfuric acid. A two-hole rubber 


acids. 


stopper is placed in the flask. The small hole accommodates a thermometer 
which extends well down into the mixture; the large hole allows for the escape 
of vapors. The flask with the thermometer is attached to a ring stand which has 
a hot plate mounted below. This assembly is placed in a hood.* The flask is 
heated rapidly to 218° C. and then raised off the hot plate and its temperature 
adjusted to about 210° ©. by varying the distance between the flask and the 
hot plate. This temperature is maintained for about seven minutes. The flask 
is then allowed to cool to below 70° C. Then 15 ml. distilled water are added. 
The temperature is raised to 185° C. and the flask is again allowed to cool to 
below 70° C. This is repeated once more to insure the removal of all volatile 
substances. 

Reduction of this solution is accomplished by phosphorous acid.* Thirty 
milliliters of distilled water are added and the flask attached to the distillation 
apparatus as illustrated in the accompanying diagram (Fig. 1, 7). One milli- 
liter of 1 per cent KOH is pipetted into an Evelyn colorimeter tube which has 
a ground-glass lining at the top. This tube is attached to the distillation ap- 
paratus and becomes the distillate receiver (Fig. 1, 17). It is held in place with 
a burette clamp. The distillation apparatus is mounted on a tall ring stand as 
is also a hot plate. The hot plate is raised beneath the reagent flask and the 
contents brought to boiling. The hot plate is then turned off. After the solution 
stops boiling, the steam starts to condense and the green-colored solution rises 


*An alternate procedure, and the one preferred in this clinic, is the use of a small stream 
of compressed air through each flask, to blow off the volatile products developed during oxi- 
dation. The exhaust may be led to a huod, out a window, or down a sink drain. If compressed 
air is employed the short-bulb type of thermometer should be used, so that the solution covers 
the bulb completely. 
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in the reagent tube (Fig. 1, C). At this time 5 ml. of 50 per cent phosphorous 
acid are added from the reagent chamber (Fig. 1, 4) above, and the hot plate 
turned on. The addition should take 20 seconds, and is immediately followed 
by 2 ml. of distilled water. Distillation is continued for ten minutes. At the 
end of this time the hot plate is turned off and lowered, the stopcock to the re- 
agent chamber opened, and the distillate receiver-tube lowered. The distillation 
stem is washed down once with a fine spray. [Following this the colorimeter 
tube is disconnected from the apparatus, corked, and placed in a water bath 
Set at 29° C. 

At this point the iodine of the protein-free filtrate is in one Evelyn colori- 
meter tube and the iodine from the protein precipitate in another. Both are 
now treated in the same manner. The content of the marked tubes is diluted 
to 9 ml. using a fine spray.* The tubes are returned to the water bath. The 
iodine content is determined by measuring its catalytic effect on the reaction 
between ceric sulfate and arsenious acid.’’"'* By means of microburettes lead- 
ing from reservoirs 0.5 ml. 0.2 N. arsenious acid, 0.26 ml. 2.4 N. HCl, and 0.5 
ml. 0.1 N. eerie sulfate are added at thirty-second intervals. The time of ad- 
dition of the ceric sulfate is noted and colorimeter readings are made each minute 
on the minute for five minutes. The colorimeter is adjusted so that the blank, 
a tube containing 10 ml. of distilled water, gives a reading of 100 on the lower 
scale. The readings taken at five minutes are used to determine the iodine con- 
tent. However, if the reaction has proceeded rapidly one may use the readings 
obtained after a shorter interval of time. 

The iodine content is determined by comparison with readings previously 
obtained from tubes containing known amounts of iodine. These are prepared 
by adding definite quantities of iodide solution, made up to contain 1 microgram 
of iodine per milliliter. A microburette leading from a reservoir is used to 
deliver the iodide solution. It is diluted to 9 ml., arsenious acid, hydrochloric 
acid, and ceric sulfate are added and readings are made as described previously. 
Graphs or tables may be prepared from this data and used as standards for 
comparison. A new set of standards must be prepared each time a new stock 
of ceric sulfate and arsenious acid is made. Also, a reagent blank must be 
determined each time a new set of reagents is prepared. This reagent blank is 
subtracted from the value found for the protein-bound iodine. Values en- 
countered for the reagent blanks in our laboratory have ranged around 0.1 
microgram of iodine. 

This procedure may be carried out in any laboratory that does not have 
tincture of iodine, iodoacetic acid, iodine crystals, or other forms of elemental 
iodine open to the air. Aside from this air-borne iodine, contamination is a 
greatly limited possibility. Washing the hands and glassware thoroughly before 
making an analysis and avoiding reaching over an open flask will eliminate 


*A 9 ml. mark has been placed on a card which is fixed to a sturdy test tube rack. Each 
colorimeter tube has its own place in the rack and its own previously determined mark. This 
procedure is accurate to 0.1 ml. In addition, if the dilution is short of 9 ml. the yellow color 
will be more intense but the iodide ion will be in higher concentration. Therefore the blanching 
of color takes place more rapidly. Conversely, if the dilution is past 9 ml. the color is less 
intense but the iodide ion is in lower concentration. In this condition the color blanches slower. 
If the error is less than 0.5 ml. these effects counterbalance at five minutes. 
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iodine contamination for all practical purposes. The other ions interfering with 
the ceric sulfate-arsenious acid reaction are not likely to be introduced into the 
solutions. These are osmium, mercury, silver, thiocyanate, cyanide, and citrate."® 
Chlorides and bromides are weak catalysts. Fluorides stop the reaction. An 
excess of chlorides slows the reaction. In addition, any oxidizing or reducing 


agent will interfere." 


In the temperature range around 29° C., a difference ot 
l° C, influences the reaction velocity by about 3 per cent. At higher tempera- 
tures the reaction velocity is increased much more than this by an increase ot 
 e. 

In the range of iodine concentrations encountered in analyzing 3 mil. of 
serum, a difference of one colorimeter unit is equal to about 5 per cent of the 
total result. Recovery experiments using beef serum plus 10 per cent whole 
blood show about 100 per cent recovery plus or minus 5 per cent (Table I). 
An error of over 10 per cent is infrequent. Analyses done in series show an 
average deviation of about plus or minus 7.5 per cent for the nonprotein-bound 
iodine, which is determined directly (Tables I] and III). However, the non- 
protein-bound iodine may be determined more accurately than this if increment 
rather than actual colorimeter reading is used to determine the value. Also, 
if an abundant laver of chromic anhydride is not on the surtace of the sample 
at the start of the analysis, recovery of added iodide will be low. This does not 
apply to the determination of the protein-bound iodine for which this method 
is used elinically. 

We have found that the range of normal for the protein-bound iodine of 
the serum is from 4 to 6 micrograms per cent, the average being 4.8. For the 


TABLE I. RECOVERY OF IODIDE ADDED TO 3 Mu. SAMPLES TAKEN FROM THE SAME POOL 
OF SERUM 
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TABLE II. 25 CONSECI 
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nonprotein-bound blood iodine we find that the normal range extends from 1 
to 8 micrograms per cent. 

When patients have been receiving appreciable quantities of iodine in any 
form the protein-bound fraction is inereased, roughly in proportion to the 
amount of iodine they have been taking and the length of time they have been 
taking it. This renders an interpretation of the values so obtained more difficult. 
Therefore it is desirable for the clinician to draw blood for an iodine analysis 


before the patient has been placed on any form of iodine medication. 


SUMMARY 


A method for the determination of the blood iodine has been presented 
which answers the requirements of the clinical laboratory. 


We wish to express our appreciation to June M. Swanson, B.S., and Isabelle A. Bucklew 
for their valuable technical assistance. 
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BRONCHTIECTASIS: ITS CURATIVE TREATMENT BY 
PULMONARY RESECTION 





AN ANALYSIS OF NINETY-SIX CASES 


ALTON OCHSNER, M.D., MicuartL DEBAKEyY, M.D., AND 
PauL T. DeCamp, M.D., New OrvLEANS, La. 


(From the Departme nts of Surae ry, Tulane University of Louisiana School of Medicine 
and the Ochsner Clinic) 


ee” is an important chronic pulmonary disease, which vies 
with tuberculosis as the most common.* 1! It may affect persons of any age 
but characteristically begins in childhood or early adult life after an attack of 
atypical pneumonia. Symptoms are chronic, progressive, disagreeable, and often 
disabling. Conservative treatment is palliative but never curative in the estab- 
lished case. Receent advances in thoracie surgery have resulted in the develop- 
ment of a technique of partial or total pulmonary resection which makes possible 
eradication of the disease in many cases. An analysis of our experience in 96 
eases in which 105 pulmonary resections were performed from January, 1933, to 
May, 1948, indicates that this treatment is not hazardous and gives satisfactory 
results in a high proportion of selected cases. 

Bronehiectasis, as the name implies, is characterized by dilatation of a 
portion of the bronchial tree. Whereas in some, and probably in many, early 
eases the bronchial infection causes only functional and reversible*® '* dilatation 
in the bronchi because of relaxation of the bronchial musculature and elastic 
tissue, later the dilatation becomes irreversible as the result of destruction of 
these contractile components and their replacement by fibrous tissue. The 
bronchi then become rigid, noneontractile tubes. Associated with dilatation 
and recurrent inflammation of the bronchi are inflammation, atelectasis, and 
destruction of adjacent and peripheral pulmonary tissue. 

Bronchiectasis appears to affect both sexes with almost equal frequency. 
The sex incidence in our 96 cases, as in other reported series, was not remark- 
able. Fifty-three per cent of our cases were females and 47 per cent were 
males. 

Sronchiectasis is chiefly a disease of the voung. As shown in Graph 1, the 
median and average age of the patients in our series when they consulted us 
was 30 vears. Four were in the first decade, 21 in the second, 24 in the third, 
25 in the fourth, 15 in the fifth, and 7 past the fifth decade. These figures are 
not a fair index of the age groups affected by the disease, as Graph 2 indicates 
that these patients were much younger when the disease began. The median 
age of onset of svmptoms was 13 vears. In 42 per cent the svmptoms began 
before the age of 10 vears and in 21 per cent definite symptoms appeared in the 
first two vears of life. The disease is not as uncommon in older people as these 
figures would indieate since pulmonary resection is rarely considered in patients 


older than 55 vears. 





feceived for publication, Aug. 4, 1948. 
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Bronchiectasis usually appears in childhood following an acute lower 
respiratory infection, most commonly an attack of atypical pneumonia, par- 
ticularly in infaney when the bronchi are small, the expulsive efforts are weak, 
and atelectasis is prone to occur.* <As the atelectasis persists, the retained 
infected secretions cause inflammation and destruction of the bronchial walls 
with subsequent dilatation. It is likely that spasm at the root of the bronchial 
segment contributes to the pathogenesis in many eases.” Chronie sinusitis fre- 
quently accompanies the bronchial disease but there was no indication in our 
series that it was an etiologic agent of any importance. As illustrated in Graph 
3, there were 41 patients who dated their symptoms from an attack of pneu- 


ETIOLOGY- 96 Cases of Bronchiectasis 
















CASES 
Pneumonia 41 43%) 
Abscess 9 (9.4%) ‘Tonsillectomy 5, Spontaneous 5, 
Metastatic 1 
Foreign body 5 (32%) 
Influenza 4 (4.1%) 
Pertussis 5 (3.1%) 
With situs inversus 3 (3.1%) 
Measles 2 (2.0%) 
Pleurisy 2 (2.0%) 
Injury ? 2 (2.0%) 
Benign tumor 1 (1.0%) 
CLIPOMA) 
Tuberculosis 1 (1.0%) 
Unknown 23 (24.0%) 


Graph 3. 


monia, frequently as a complication of influenza, pertussis, or measles. In 21 
eases symptoms began insidiously. In 9 cases the ectasia followed a pulmonary 
abseess, which was metastatic in 1, spontaneous in 3, and followed tonsillectomy 
in 5. Four patients attributed the onset directly to influenza, 3 to pertussis and 
2 to measles. In 5 symptoms followed aspiration of a foreign body, with the 
inflammation, atelectasis, and subsequent bronchiectasis presumably due to the 
bronchial obstruction. A bronchial lipoma was responsible in 1. Symptoms 
were said by 2 patients to have followed an injury. Hay fever was held respon- 
sible by 1 patient. Tuberculosis supposedly initiated symptoms in 1 and 
pleurisy in 2. 
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Although in the majority of cases symptoms appear in early life, we be- 
lieve that the incidence of true congenital bronchiectasis is low. In our series 
there were 3 patients with associated situs inversus and chronie sinusitis (Kar- 
tagener’s triad)! in all of Whom symptoms began early, suggesting a congenital 
basis in this small group. A somewhat more common related lesion, in our 
experience, is congenital cystic disease which manifests itself as either single 
or multiple large cysts, or there may be a severe eystie type of bronchiectasis 
appearing early in life and usually involving an entire lung which likewise 


suggests a congenital origin. 


DURATION OF SYMPTOMS 
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Graph 4. 


As suggested previously, the duration of symptoms is often prolonged. In 
our series (Graph 4) the average duration of symptoms for all patients was 
13 years and in 9 eases symptoms had existed over 30 years. Cough and ex- 
pectoration may persist from the outset, though in many cases symptoms entirely 
disappear for a time and become prominent only after repeated attacks of 
bronchitis or bronchopneumonia. Even at this stage there may be long intervals 
of remission when symptoms are minimal. Ilowever, the number and severity 
of colds are likely to increase each winter and the residual symptoms of cough, 
expectoration, and hemoptysis become more prominent. In many of these 
‘chronie 


‘ 


young persons the disease progresses unrecognized and is diagnosed as 
bronehitis.’’ This diagnosis should never be made until a bronechographie 
mapping has ruled out the presence of bronchiectasis. 

The chief complaint of patients with bronchiectasis is usually chronie cough 
with expectoration. Expectoration characteristically varies with changes in 
position as drainage is facilitated. The quantity of sputum may be as much as 














522 SURGERY 


12 ounces or more daily. Hemoptysis is frequent and sometimes massive. Foul 
sputum usually occurs only in the most advanced eases. A sweet taste may be 
noted. In that smaller group with ‘‘dry bronchiectasis,’’ sputum is minimal 
and the chief clinical manifestation may be hemoptysis or paroxysms of violent 
coughing. Symptoms of chronie¢ sinusitis may be prominent. 

The physical findings and plain roentgenograms are often disarmingly 
undemonstrative. Clubbed fingers occur only in the advanced eases. Signs of 
sepsis are rarely prominent. Pulmonary signs are usually limited to moderate 
changes in the breath sounds, with fine or coarse rales in the area of involvement. 
In the plain roentgenogram the characteristic sign is increased bronchovascular 
markings in the involved area. The sedimentation rate may be elevated, but a 
significant leucocytosis is uncommon. Sputum examination is significant chiefly 
because specific organisms are not present. 

The diagnosis of bronchiectasis is made on the basis of the symptomatology 
and the physical, roentgenographic, bronchoscopic, and bronchographie observa- 
tions. The apparent paradox of severe symptoms and minimal physical findings 
and roentgenographie abnormalities should suggest the diagnosis of bron- 
chiectasis because other lesions manifesting similar symptoms such as tubereu- 
losis, pulmonary abscess, or bronchiogenic carcinoma usually produce definite 
physical or roentgenographie alterations. Occasionally a shadow suggesting 
pneumonitis, emphysema, atelectasis, or visible cystic areas will increase the 
suspicion of bronchiectasis. Bronchoscopy may demonstrate organic obstruction, 
changes in the bronchial mucosa, and the presence of purulent secretions. As a 
diagnostic procedure it is only confirmatory. 

The essential diagnostic method is bronechography, which is obtained by 
fluoroscopy and roentgenography following the instillation of a radiopaque 
substance (lipiodol) into the bronchial tree. It is essential that the entire 
bronchial tree be satisfactorily filled. The full extent of the pathologie process 
must be outlined and all normal lung sharply delineated. Only with this in- 
formation can one proceed confidently with radical surgical procedures. As 
far as possible, normal lung must be preserved. Diseased segments unrecognized 
and not removed will cause persistence of symptoms and sometimes serious com- 
plications. For satisfactory mapping the oil must be instilled into the lower 
portion of the pharynx or trachea through a catheter while the patient’s position 
is changed as needed under the fluoroscope. Fluoroscopy frequently reveals 
important additional information concerning functional changes in the bronchial 
tree. Both lungs may be filled at the same time. <A posteroanterior and two 
oblique views will satisfactorily outline the entire bronchial tree. The im- 
portance of complete and accurate bronchography cannot be overemphasized. 
When properly done the hazards are minimal. Every patient with symptoms 
of chronic cough and expectoration, with or without hemoptysis, should have 
a bronchographie mapping unless some other definite diagnosis is made by 
other means. 

The type of treatment employed is based on the severity of the symptoms, 
the degree and extent of ectasia, and the age and physical condition of the 
patient. Medical treatment will not be discussed here. Significant palliation 
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may be obtained by conservative measures but a cure of the established case 
is never effected. There are numerous reports in the literature indicating that 
the morbidity and mortality rates in medically treated patients are high.* '* *4 
Minimal symptoms, however, do not warrant a radical attack. In the presence 
of significant symptoms surgical therapy must be considered. Pulmonary 
resection is the only form of surgical therapy which has proved satisfactory. 
The more loealized the disease, the more amenable it is to resection. The more 
diffuse the pulmonary involvement, the more difficult the surgical problem but 
careful segmental and lobar resections can eradicate even bilateral disease in- 
volving several lobes. In bilateral bronchiectasis if the major involvement is on 
one side, the degree of relief obtained following resection of this portion of the 
pulmonary bed may be sufficient to obviate the necessity of resection on the 
second side. If extensive bilateral resections are contemplated, it is imperative 
that the residual lung be free of bronchiectasis. Resection is generally limited 
to persons less than 55 vears of age because the results in older patients are not 
as satisfactory and it is possible to obtain symptomatic relief in many elderly 


patients by conservative measures. 
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Graph 5. 


In Table I are listed the portions of the lung removed in the 105 resections 
performed on the 96 patients in this series. These data are graphically pre- 
sented in Graph 5. In 4 instances bilateral operations were performed. In some 
additional cases operation on the contralateral side is indicated. In 7 instances 
minor segments of adjacent lobes were resected in addition to the major re- 
sections listed in the table. There were 14 primary pneumonectomies; in 6 
additional eases the remaining pulmonary tissue on one side was removed 
secondary to primary lobectomy on the same side, thus effecting total pneumonec- 
tomy in these additional cases. The operative techniques are illustrated in 
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TABLE I. SITE OF RESECTION IN ONE HUNDRED FIVE CASES OF BRONCHIECTASIS 


PORTION RESECTED NUMBER OF CASES 
Left lower lobe 24 
Left lower lobe and lingula 33* 
Left upper lobe rl 
Right lower lobe 15 
Right lower lobe and right middle lobe 1] 
Right middle lobe 7 
Right upper lobe 3 
Right upper lobe and right middle lobe 2 
Left lung 5 
Right lung 9 
Lingula and basal portions of left lower lobe 2 
Total L05 


*In three patients with situs inversus these structures were present in the right side of 
the chest. 


Graph 6. Segmental resection of the lingula was performed on numerous ocea- 
sions. Resection of the basal divisions of a lower lobe, retaining the dorsal 
division, was done in only 2 eases with segmental atelectasis occurring in 1 ease 
postoperatively. This procedure seems to have a limited field of usefulness as 
complications are frequent. 

Pulmonary resection is admittedly a formidable surgical procedure but 
the improvement in results over the years has been striking.*® ® '° Inereasing 
experience in the evaluation and management of these patients, technieal 
surgical refinements, effective antibioties, and the increasing use of whole blood 
have contributed materially to the improvement in results. 

The vear 1942 marked a turning point in our surgical experience with this 
disease. Tourniquet ligations and cautery excisions were completely abandoned 
for hilar dissections and segmental resections. In addition, effective antibaec- 
terial agents, first the sulfonamides and then the antibiotics, were regularly 
used. Pneumonia and hospital deaths dramatically disappeared (Table II and 
Graph 7). In the 13 resections performed prior to 1942, pneumonia occurred 
5 times and there were 6 hospital fatalities. In 92 resections performed since 


that time pneumonia has occurred twice and there has been no hospital death 


TABLE IT. ANALYSIS OF POSTOPERATIVE COMPLICATIONS BY PERIODS 


EMPYEMA FISTULA PNEUMONIA 

YEARS CASES (PER CENT) (PER CENT) (PER CENT ) 
1933 to 1941 13 55.3 10.0 30.0 
1942 to 1946 59 30.5 15.37 24 
1947 to 1948 33 15.1 6.0 § sty 


TABLE ITT. ANALYSIS OF POSTOPERATIVE COURSE BY PERIODS 


POSTOPERATIVE HOSPITAL 


DAYS FEVER 99.6° F. DAYS 
YEARS CASES AVERAGE MEDIAN AVERAGE MEDIAN 
1933 to 1941 7 19.3 22 27.1 25 
1942 to 1946 59 9.0 8 17.1 13 
1947 to 1948 33 7.9 D 14.4 10 


*Hospital deaths omitted. 
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There has also been a gratifying reduction in the incidence of 
It will be seen by comparing the figures in 
Table II for the period 1933 to 1941 with those for 1947 and 1948, that the 
incidence of empyema has been reduced to almost one-fourth of the previous 
figure, whereas the incidence of bronchial fistula has dropped to one-seventh 
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(Graphs 9 and 10). 
of hospitalization have been strikingly reduced. 
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Table IIIf indieates that the morbidity rate and duration 
The average period of hos- 
pitalization has been halved and the average period of morbidity reduced to 
The median period of postoperative morbidity has dropped 
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from 22 to 5 days, and the median period of postoperative hospitalization from 
25 to 10 days (Graphs 11 and 12). 

The virtual disappearance of postoperative pneumonia, the chief cause of 
death, was coincident with the introduction of effective antibacterial agents 
and the institution of routine hilar dissection. The reduction in the incidence 
of empyema and fistula has been remarkable, though not as abrupt. Further 
technical refinements, and the more effective use of antibiotics, have con- 
tributed to this improvement. It has become increasingly apparent, however, 
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Graph 7. 




















that in the cases of partial pulmonary resection prompt re-expansion of the 
remaining pulmonary tissue to fill the hemithorax is of the utmost importance 
in the prevention of these complications. In order to accomplish this the 
bronchial tree must be constantly cleared of secretions. At operation two 
intercostal tubes are placed, one anterior to the apex and the other posterior 
and low in the paravertebral gutter. These tubes are connected to a negative 
suction and remain for a few days until the lobe is well expanded and the 
pleural drainage minimal. Complete re-expansion usually occurs within 
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twenty-four to seventy-two hours. Postoperative pain has been reduced by 
the injection, at the time of operation, of all the intercostal nerves with a 
long-acting local anesthetic agent. This facilitates the encouragement of 
voluntary coughing which is the most important postoperative maneuver. 
The patient must be closely observed, examined, and assisted in coughing at 
frequent intervals the first few days. Nothing can replace this constant atten- 
tion. Whenever spontaneous bronchial clearing is inadequate, intratracheal 
catheter suction should be used. This may be done simply and repeatedly 
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at the bedside. The clearing is almost always satisfactory and bronchoscopy 
is seldom necessary although occasionally it is invaluable. Complete preven- 
tion of empyema following total pneumonectomy, with the resultant empty 
hemithorax, will depend chiefly on a more effective antibacterial regimen. 
This complication occurred in 4 of the 20 eases in which pneumonectomy 
was done. The liberal use of whole blood preoperatively to correct anemia 
and to restore diminished blood volume in the debilitated,’ as well as prompt 
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operative and postoperative replacement of all blood lost has prevented shock, 

hastened convalescence, and, we believe, aided materially in aborting infection. 
Final results in this group of cases are gratifying on the whole, although 

some sobering lessons have been learned. Of the 6 hospital deaths occurring 


early in the series, 1 was an operative death from asphyxia caused by ex- 
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Graph 9. 


cessive secretions; pneumonia was a major cause in 3; 1 was caused by acute 
glomerulonephritis and heart failure, and 1 resulted from a transfusion reae- 
tion. Five deaths have occurred subsequent to hospital discharge. One 
patient died of pneumonia after four asymptomatic years. Another died after 
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the second attack of pneumonia in a year. This patient had extensive bilateral 
disease for which bilateral operation was performed. He had some bron- 
chiectasis in the remaining upper lobes. This had not been correetly evaluated 
preoperatively and pulmonary resection was probably not indicated. A third 
patient, a woman with asthma, died two months postoperatively of acute 
dyspnea. She had had a pneumonectomy, and ill-advised attempts had been 
made to aspirate the hemithorax. A fourth died in an aecident, and the fifth 
died during a subsequent operation for an unrelated disease. 
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In 3 eases the follow-up has been inadequate. The remaining 82 patients 
have been followed from two months to twelve years postoperatively with 
an average ot 2.19 years (Graph 135). Forty-three patients, 44.9 per cent of 
the entire series, are symptom-free and enjoy no limitation of activity. 
Twenty-one additional patients, or 21.9 per cent, have minimal symptoms of 
cough, or mild dyspnea on exertion. Twelve patients, or 12.5 per cent, are 











530 


DAYS 







SURGERY 


* : 
99 Resections for Bronchiectasis 








25 
eS 
MEDIAN[E POSTOPERATIVE 

90 L HOSPITAL DAYS 

is fF ; 
Number ot 
operations 

LO Lo 

e 

re) 








1933-41 1942-46 1947-48 
¥ Hospital deaths omitted 


Graph 11. 


99” Resections for Bronchiectasis 











DAYS 
eS r MEDIAN DAYS POSTOPERATIVE 
22 MORBIDITY (99.6°F ) 
20 F 


LS 


LO 






C] Number of 


operations 





1933-41 1942-46 1947-48 
% Hospital deaths omutted 


Graph 12. 














OCHSNER ET AL.: BRONCHIECTASIS; PULMONARY RESECTION 53] 


definitely improved but have moderately disabling symptoms. In five of these 
the symptoms are primarily due to contralateral bronchiectasis which could be 
resected. Thus, improvement of a satisfying degree has been noted in 76, 
or 79.3 per cent, of the entire group. 

Of the 6 remaining patients 2 have postpneumonectomy empyemas which 
are under treatment. In a patient with hypertension and recent cerebral 
thrombosis, residuals are present following extension of the thrombosis post- 
operatively. Persistent fever made operation imperative in this admittedly 
poor-risk patient. In one case in which bilateral lower lobe resection was per- 
formed, residual disease is present in the right middle lobe and the lingula. 
In the last two patients, both with bilateral disease, surgical attack on the 
second side has been prevented by atelectasis and bronchiectasis developing 
postoperatively in the remaining pulmonary tissue on the operated side which 
necessitated pneumonectomy on that side. 
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This final group of 6 eases must be classed as definitely unsatisfactory 
results, though in the 2 cases of empyema the condition is correctable. These 
experiences emphasize the utmost importance of complete lung mapping pre- 
operatively, and the necessity for prompt expansion of residual pulmonary 
tissue postoperatively to prevent atelectasis and subsequent additional bron- 
chiectasis. In 4 patients with persistent postoperative atelectasis, bron- 
chiectasis developed requiring removal of the remaining portion of that lung. 
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COMMENT 

It is not our intention to minimize the gravity of treatment by pulmonary 
resection for bronchiectasis. Accurate diagnosis is essential. Preparation must 
be thorough. The operative technical difficulties may be great. Expert anes- 
thesia and an adequate supply of blood are required. Postoperative manage- 
ment demands a degree of vigilance scarcely equalled in any other thoracic 
or general surgical condition. 

The progressive improvement in results with the reduction in morbidity 
and the practical elimination of fatalities as a result of the procedure make 
pulmonary resection an attractive therapeutic method. In our series there has 
been no hospital fatality in the last 92 operations. Subsequent death from 
pulmonary disease has occurred in 3.1 per cent of the cases. The incidence of 
irremedial unsatisfactory results has been 4.2 per cent. With present experience 
and facilities most of these unsatisfactory results should be completely pre- 
vented in the future. It, therefore, seems fair to state that pulmonary resection 
is indicated in any established case of bronchiectasis provided the disease is 
neither too mild nor too extensive, the patient is not elderly, or medieal condi- 
tions are not contraindications. 


SUMMARY 
Bronchiectasis is a common, chronic, progressive pulmonary infection 
characterized by cough, expectoration, and recurrent acute pulmonary infee- 





tions. The disease usually begins in early life and, once established, though it 
may be relieved by conservative treatment, it can be cured only by resection 
of the diseased portions of the lungs. This is a formidable operative procedure 
but it gives excellent results in a high percentage of properly selected cases. 
With present methods mortality is minimal and morbidity 1s low. 
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THE ANATOMIC GUIDE TO THE INTERSEGMENTAL PLANE 





Beatty H. Ramsay,* M.D., BRooKLINE, Mass. 


1... ideal in excisional surgery is the removal of all damaged or diseased 
tissue and the conservation of all functional normal tissue. In pulmonary 
surgery this ideal is approached in segmental resection for noneancerous disease. 
Churehill and Belsey! first projected the thought of segmental resection and 
applied the idea to removal of the lingula, a portion of the lingula, and the 
basal segments of the lower lobe conserving the superior segment, in bronchi- 
ectasis. After the segmental bronchus had been occluded, they used clamps 
across the plane delineated by expansion of the remaining portion of the lobe, 
and oversewed the line of resection. Planes between other segments often run 
deep in a lobe and are difficult to clamp. The plane is not sharply adhered to 
by the clamp method, and either some tissue is left deprived of its blood supply 
or tissue of another segment is damaged. Suturing of the cut margins limits 
expansion of the remaining lung and the compensatory filling of the remaining 
space by adjacent lung tissue. 

Overholt and Langer? have extended segmental resection to all segments 
and some subsegments to conserve healthy tissue and in so doing have abandoned 
the use of clamps, staying accurately in the intersegmental plane. This is done 
by blunt dissection, using the index finger and the thumb. Complications after 
segmental resection may be more numerous than after lobectomy if there is 
leakage of air or passage of infection from exposed alveolar or bronchial tissue 
when the plane has not been promptly found or has been deviated from. 

Surgeons who are doing segmental resections know that there is difficulty 
at times in finding this plane. There is danger of entering some other inter- 
scemental plane, or of dissecting for a distance in alveolar tissue. After oe- 
clusion of the segmental bronchus has been accomplished, inflation of the re- 
maining lune helps to demarcate the intersegmental plane. Inflammatory 
changes, present in most lungs where resection is indicated, make the inter- 
segmental plane less easy to discover and more difficult to follow without damage 
to lune parenchyma. The injection of dye into the segmental bronchus of the 
segment to be removed has been advocated and used by some. Obstruction by 
tumor or pus might make this impractical, and theoretically the danger of con- 
tamination would be increased. At The Overholt Thoracic Clinic we have 
had no experience with this technique. No method for delineation of the plane 
known to us has been completely satisfactory. The arrangement of the inter- 
segmental veins is not disturbed by inflammation or other pathology and they 
continue to be accurate guides under all conditions. 

It has been known for some time that when dissection was done in the proper 
plane, a vein was to be found running between the two adjacent surfaces. | 
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believed that if some way could be found to commence the intersegmental dis- 
section using the vein as a guide, then there should be no accidental entering 
of alveolar tissue, removal of segments not involved with disease, nor the leaving 
behind of devascularized residua. This in turn would mean a marked reduction 
in the incidence of complications. The concept was first arrived at about April, 
1947. Dissections were done on twenty lungs obtained from the pathologie 
laboratories, and it became apparent that, although there are variations in the 
number and distribution of the pulmonary veins, there exists a common pattern. 
There is a definite arrangement whereby a small amount of blood is returned 
by small veins which closely accompany the centrally situated segmental bronchi 
and arteries, usually one for each segment, and a large amount of blood is re- 
turned by trunks which are found on the periphery of the segment. Where 
two segments are in apposition these veins are intersegmental in location; else- 
where they are subpleural. It has been noted that when the fissure lines between 
the contiguous lobes are incomplete, the plane of delineation is often well 
marked by one of these branches which, although normally subpleural, has been 
given intersegmental or interlobar position by the fusion of the fissure line. 
All veins terminate in the larger trunks of the pulmonary veins. Boyden* 
stated several times that the principal distribution of the veins is intersegmental 
and in discussing the veins of the right lower lobe he pointed out, ‘‘ Doubtless 
if the superior segment were separated surgically, ramus V6b could be removed 
with the superior segment or be left attached to the basal segments.’’ 

In view of his extensive report, a detailed description of the dissections at 
New England Deaconess Hospital in regard to the normal anatomy of the hilar 
structures is omitted. However, our findings confirm his statements on the 
venous anatomy. For purposes of utmost accuracy Boyden’s descriptions and 
the numbering system should be adhered to. Operating surgeons will probably 
dispense with the names and just remember that pulmonary veins are segmental 
and intersegmental. The former are small and closely accompany the segmental 
arteries and bronchi, which themselves run side by side. The intersegmental 
veins do not accompany such structures and can be located in the hilum and 
followed distally as a practical guide to the intersegmental plane. Thus, a 
simple technique can be followed in segmental resection of practically all 
bronchopulmonary segments. While these venous guides are most easily fol- 
lowed in the more commonly performed segmental resections of lingulectomy, 
removal of the basal segments, or of the superior division of the lower lobe, they 
prove most valuable in removal of individual basal segments, upper lobe seg- 
ments, and subsegments. Diagrams are presented to show that the lungs are 
composed of individual units consisting of a central segmental artery, 
bronchus, and vein leading into a cone of alveolar tissue. The periphery of the 
cone features several veins carrying blood centripetally toward the hilum. These 
are subpleural in position. When such individual segments are combined to 
form lobes, the surfaces of contact lose their pleural covering and the veins 
become intersegmental. These intersegmental surfaces become flattened by 
contact and the lobe and segments undergo alterations in shape varying with 
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Fig. 1.—This diagram represents the bronchopulmonary segment or unit. It consists of a 
cone of tissue with a central bronchus, artery, and vein, and peripheral collecting veins beneath 
the pleura. The central bronchus and artery have been omitted for the sake of clarity. 

Fig. 2.—This diagram pictures four units combined to form a lobe. Each segment has 
a central or segmental vein, and the adjacent surfaces of contiguous units are drained by a 
common intersegmental vein. The segmental bronchus and artery of each unit are shown in 
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Fig. 3.—This is an anatomic drawing of a dissected specimen illustrating the inter- 
egmental anatomy of a superior segmental resection. The segmental artery and bronchus have 
been divided, The superior division of the inferior pulmonary vein is shown dividing into a 
segmental and an intersegmental branch. The intersegmental branch and its tributaries have 
been followed into the intersegmental plane separating the superior division from the basal 
segments. Just the pleura remains undivided between the two portions. The vein labeled 
“Segmental Vein” is the common trunk formed by the branches draining the three subsegments 
of the superior segment. These branches are both intersegmental and segmental. 
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their intrathoracic positions. Anatomic drawings of dissected fresh lungs 
illustrate the intersegmental plane and the venous guide between the basal seg- 
ments and superior segment of the left lower lobe, and between the lingula and 
the anterior segment of the left upper lobe. 


TECHNIQUE 
Because of inherent variation in the number and size of segments and of 
the number and course of the veins, it is thought wisest merely to establish the 
principle of the technique. The segmental bronchus and its artery are found 
and divided in the usual manner as described by Overholt and Langer. Any 
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Fig. 4.—This drawing of a dissected specimen demonstrates the intersegmental vein which 
delineates the plane of dissection between the lingula and the anterior segment. The bronchi of 
the lingula and of the anterior segment can be seen on either side. Several subpleural veins 


are illustrated. 


subpleural veins and the segmental vein are divided as encountered. The re- 
maining part of the lung is inflated. As the distal divided end of the segmental 
bronchus is grasped in a clamp, careful observation is made while the apex of 
the segment is thus retracted. The operator readily finds a vein, or in the case 
of some segments more than one, which is not accompanying a bronehus and 
which borders the segment being retracted. He carefully follows this distally, 
using gentle blunt dissection and dividing the small venous branches coming in 


as tributaries from the diseased segment. He is dissecting in the areolar tissue 
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hetween contiguous segments. Whereas he can dissect on either side of this vein, 
it is often best to preserve the vein with the healthy tissue. Although the basal 
segment of a lower lobe is composed of three (left) or four (right) components, 
each of which is a complete segment in its own right, the group can be treated 
surgically as one. Thus the common bronchial, arterial, and venous trunks are 
dissected and divided and the intersegmental vein is sought for in the hilum. 
In this case, it is the lowermost branch of the superior division of the inferior 
pulmonary vein as illustrated (see Fig. 3). Because this particular interseg- 
mental vein is so definitely a tributary of the superior segmental vein, it should 
always be dissected on the basal side, leaving it attached to the superior segment. 
This new method or variation in the technique of segmental resection has been 
used by Dr. Overholt with success in several segmental resections, and in de- 
termining the plane between upper and middle and upper and lower lobes when 
the fissure has been incomplete. 
SUMMARY 


1. Twenty lung dissections have been done which confirm the previously 
described intersegmental distribution of most of the pulmonary venous drainage. 

2. The veins, for practical surgical purposes, are not given the involved 
anatomie designations previously used but are simply called segmental and 
intersegmental. 

3. This intersegmental arrangement is utilized in a modification of seg- 


mental resection” © wherein the intersegmental veins of bordering segments are 
followed distally from the hilum to the pleural surfaces as accurate guides 
to the areolar planes which separate such segments. 

4. Diagrams and anatomic drawings are used to demonstrate pictorially 
the intersegmental anatomy. 

CONCLUSIONS 

By following the intersegmental veins peripherally from the hilum, the 
operator can enter the intersegmental planes accurately. By so doing, lung 
tissue is not injured, leakage of air from alveolar damage is almost eliminated, 
and infection from the exposed parenchyma is greatly diminished. 

The incidence of complications such as inexpansible lung, empyema, and 
bronchopleural fistula should be not higher than that of an uncomplicated lobec- 
tomy. 

Note.—Since this paper was submitted for publication, this method has been used with 
progressive enthusiasm by Dr. Richard H. Overholt, Dr. Francis M. Woods, and Dr. Norman 
J. Wilson. It has become the procedure of choice. There has been a definite decrease in the 
incidence of postoperative complications, and the re-expansion of the remaining lung tissue 
has been much less of a problem. Complete re-expansion with removal of the intrapleural 
catheters has occurred in an average of forty-eight hours. 

The intersegmental veins can be readily located at the hilar area of segments, one-half 
segments, and even one-quarter segments and then followed as practical guides to the plane 
of separation. It is possible that the smallest branches of the veins demarcate the planes 
between pulmonary units of ever-decreasing size, each of which has the characteristic strue 
ture of a pulmonary unit (Fig. 1). It is unlikely that the application of the principle of 


segmental resection to units smaller than one-quarter segments will be practical. 
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THE USE OF GLYCINE IN THE TREATMENT OF 
PERIPHERAL VASCULAR DISEASE 


J. R. Gustarson, M.D.,* K. N. Campseiyi, M.D., B. M. Harris, M.D., anp 
S. D. Marron, M.D., ANN ArBor, MICH. 


(From the Department of Surgery, University of Michigan Medical School) 


OLLOWING the ingestion of food, there is, for a variable period of time, an 
P emeecs in energy output by the body. This phenomenon has been termed 
‘‘speecifie dynamie action’? by Rubner.t| The magnitude of the specifie dynamie 
action varies with the substance ingested, with the environmental temperature, 
and possibly with the nutritional status of the individual. The largest specific 
dynamie action is that evoked following the ingestion of protein. This rise in 
metabolie rate averages 20 per cent above the basal level between the third and 
fifth hours following ingestion and a considerable elevation is still present after 
seven hours.2. Rubner contributed some of the most important fundamental 
work on this subject, and in more recent vears, Lusk,’ Wilhelmj,* Borsook,' and 
others have carried out exhaustive studies on the metabolism of protein, regard- 
ing its specific dynamie action. 

The source of the extra heat production apparently attends and follows the 
deamination of the protein or amino acid. There has been some difference of 
opinion as to whether this occurs during deamination or in the metabolism of 
the deaminized residue. Borsook! believed that the specifie dynamie action is a 
composite of two factors, one nearly constant, representing the increased energy 
production attending the metabolism and exeretion of the nitrogen; the other, 
more variable, and at times the larger fraction, arising from the metabolism of 
the earbon. This would account for the variations in the specific dynamie action 
of differennt amino acids; glycine, alanine, phenylalanine, and tyrosine have 
high values, while valine and histidine are reported to have no effect.4 The heat 
produced by these reactions is not utilizable by the organism for muscular work, 
ete. and, hence, appears only as heat.* The site of the increased heat production 
is in the viscera, probably chiefly in the liver.’ Sinee the extremities represent 
the most important sites for the dissipation of heat, it is reasonable to assume 
that there will be an increase in peripheral blood flow to the extremities® ® 7 
(Fig. 1). 

Under constant environmental conditions, there is a simple linear relation- 


8, 9 


ship between peripheral blood flow and metabolic rate.® Abramson and 


Hierst!® studied the effeets of food on peripheral blood flow and noted an in- 
crease following a protein meal but none subsequent to ingestion of carbohydrate. 
Gubner, DiPalma, and Moore! !* have recently published their findings on the 
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utilization of specific dynamic action to increase heat production in the body and 
thereby increase the blood flow through the peripheral vessels. The effects of 
the ingestion of glycine on skin temperature, the amplitude of peripheral pulsa- 
tions, and the peripheral blood flow as measured by venous occlusion plethysmoe- 
raphy were presented. They concluded that ‘‘the ingestion of elycine provided 
a simple physiologic means to accomplish an effeetive and sustained inerease in 
peripheral blood flow.’’?” 

The clinical application of these findings to patients with peripheral vascular 
disease is obvious. The present investigation was undertaken in an effort to 
evaluate the use of glycine as an adjunct to the conservative therapy of periph- 
eral vascular disease. Both clinical and laboratory studies were utilized for this 
investigation. 


. STIMULATION TEMPERATURE 
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Fig. 1.—Theoretical explanation of how specific dynamic action produces increase in peripheral 
blood flow. 


LABORATORY STUDIES 


Observations of the peripheral blood flow, oxygen consumption, and skin 
temperature before and after the administration of glycine were made on ten 
patients with peripheral vascular disease. All studies were conducted in an air- 
conditioned room, the temperature of which was maintained between 70 and 
73° F. To insure a basal state, the patients reported to the laboratory without 
having taken food or fluids and without having smoked since the previous 
evening. A minimum of thirty minutes of rest in the recumbent position was 
allowed prior to testing. 

The peripheral blood flow was measured by venous occlusion plethysmog- 
raphy of the affected part. Observations were made in the recumbent position ; 
the water bath of the plethysmograph was maintained at 32° C. by an auto- 
matie heating and agitating system. The venous occlusion pressure was deter- 
mined by trial runs on each patient; usually 10 mg. of Hg below the patient’s 
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diastolic blood pressure was most satisfactory. All recordings were made in 
ink on a high speed kymograph. Basal blood flow readings were made for a 
period of twenty to thirty minutes prior to the administration of glveine; a 
minimum of fifteen determinations was made in the control period. Following 
the administration of glycine, five to seven determinations were made at fifteen- 
minute intervals for three hours. Pulse and blood pressure recordings were 
made at each interval. It was not feasible to carry the study beyond three hours 
because of the discomfort of confinement in the plethysmograph. This obstacle 
was also experienced by Abramson!’ and by Gubner and co-workers! ** in their 
initial work. This was an unfortunate physical limitation, for the effect of 
protein ingestion apparently continues for a considerably longer period.’ 

Skin temperature recordings were made during the control period and at 
each fifteen-minute interval following the administration of glycine. The tem- 
peratures were taken on both upper and lower extremities. In most instances, 
a Leeds-Northrup potentiometer was utilized; on several occasions a multiple 
lead automatic temperature recording apparatus was used but this proved to be 
somewhat unsatisfactory because the additional confinement led to losing con- 
tact at some points as the patient adjusted his position on the table. 

Oxygen consumption was measured on a Benediet-Roth basal metabolism 
machine. Determinations were made in the basal state and at hourly intervals 
following the administration of glycine. 

Twenty grams of glycine (amino-acetic acid) dissolved in 200 ¢.c. of water 
were administered in each of the ten studies. Four of the patients had arteri- 
osclerotic peripheral vascular disease, three had thromboangiitis obliterans, two 
had Raynaud’s disease, and one had Raynaud’s phenomenon secondary to a 
possible ruptured cervical intervertebral dise. 

Oxygen Consumption.—aAll ten patients demonstrated an increase in oxygen 
consumption. The greatest increase was at the end of the first hour with an 
average metabolic rate of 25.7 per cent. The average rate for the second hour 


TABLE I 
AVERAGE 
BLOOD FLOW TEMPERATURE INCREASE IN 
(C.c. PER 100 C.c. LIMB CHANGE (°C.) METABOLIC 
PER MIN.) (TOE OR RATE 
BASAL MAXIMAL CHANGE FINGER ) (PER CENT) 
Rk. L., Artsel. (foot) 1.2 2.0 +1.0 <n Ap +15.0 
Hl. G., Artsel. (foot) 1.14 1.80 +0.66 PO +14.0 
R. C., Artsel. (foot) ride 6O.S +4,] t+4.5 + 7.9 
J. D., Artsel. (foot) 1.58 2.54 L0.96 +1.0° 115.2 
W. A., Buerger’s (foot) 2.50 2.41 0.09 0.0 + 8.8 
KE. R.,* Buerger’s (foot) 7.8 7.4 0.40 0.0" +16.3 
t. L., Buerger’s (foot) . 1.94 1.84 $2.9 +2.2° $30.0 
P. R., Raynaud’s (hand) 1.03 0.9 0.13 sts $10.0 
H. G.,t Raynaud’s (foot) 1.5 1.85 HO.35 1.6 + 8.7 
S. L., Raynaud ’s phenomenon 1.03 5.26 +4.23 +9.5° 9.3 


(hand ) 


*High basal flow thought to be due to insufficient basal observation. During the first 45 
min, after glycine, blood flow fell to 4.1. 

' *7One month postoperative bilateral dorsal sympathectomy. Hand flow taken at same 
time showed a decrease in blood flow. Patient has minimal symptoms in both lower ex- 
tremities. 
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was 8.9 per cent and for the third &.2 per cent. The over-all average increase 


for the three-hour period was 12.85 per cent (Fig. 2). 


Shin Temperature.—Four patients had a rise in the skin temperature of 
the extremity opposite to the one in the plethysmograph (that is, great toe or 
index finger when foot or hand were used in the experiment). The smallest 
rise was 1.0° C., and the greatest 9.5° C. (Table I). Two patients demonstrated 
no appreciable change in temperature and four had a fall between 1.0 to 1.6° 
C. When a rise in temperature did occur, it came between 11% to 3 hours after 
the administration of glycine. 
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AVERAGE 
1.4] 25.7 8.9 8,2 


Fig. 2.—Oxygen consumption following the administration of 20 Gm. of glycine. 


Plethysmography.—Seven of the ten patients in this experiment had an in- 
erease in blood flow which became apparent between 1 to 3 hours after the oral 
administration of glycine. The greatest rise usually occurred in the third hour. 
The range of increase was from 0.35 to 4.28 ¢.¢. per 100 ¢.e. limb volume per 
minute (Table I). Two of these increases (0.35 and 0.66 ¢.c. per 100 e.c. limb 
per minute) could be interpreted as being changes within the limits of error of 
the venous occlusion method. (Figured in terms of per cent increase over 














) 


GUSTAFSON ET AL.: GLYCINE FOR PERIPHERAL VASCULAR DISEASE 543 


normal, however, these figures represented a 50 per cent and 20 per cent 
increase. ) 

Three patients demonstrated a decrease in blood flow ranging from 0.09 to 
0.40 ¢.c. per 100 ¢.e. limb volume per minute, which again is probably within 
the limits of error of the method. 


CLINICAL STUDY 


In recent years it has been the policy of this clinie to treat patients with 
peripheral vascular disease conservatively for a period of two to three months 
prior to definitive surgical therapy. This conservative program has consisted 
of abstinence from the use of tobacco, Buerger-Allen exercises, periodic rest 
and proper care of the affected member, local and systemic treatment of co- 
existing infection, and the use of various vasodilating agents, such as papaverine, 
alcohol, tetra-ethyl-ammonium compounds, lumbar sympathetie block, ete. This 
program is usually carried out on an outpatient basis, but in the more severe 
cases patients are hospitalized. The patients are followed carefully and required 
to report for re-examination at weekly or biweekly intervals for at least the first 
month. If satisfactory improvement is being made, the frequeney of these 
visits is diminished, and eventually, when asymptomatic or improved to a status 
compatible with his normal activities, the patient is diseharged on a modified 
conservative program. Patients who fail to improve, or whose improvement is 
not sufficient for their normal requirements, are hospitalized and either given 
further conservative care or treated surgically as indicated, that is, sympathee- 
tomy, peripheral neurectomy, amputation, ete. 

A clinical study of the use of glycine in place of the vasodilating agent in 
the program of conservative therapy just outlined was conducted on sixty 
patients with peripheral vascular disease. Glycine was administered orally in 
doses of 20 Gm. two or three time daily. This amino acid dissolves readily in 
most liquids; in general, our patients preferred to mask its very sweet taste 
with some vehicle such as black coffee, grapefruit or lemon juice, or milk flavored 
with bitter chocolate. There were no untoward reactions from its use. A few 
individuals complained of nausea but this was avoided when the drug was taken 
after meals. Many patients noted a feeling of warmth in their hands and feet 
within one to two hours after taking glycine; this sensation usually persisted 
to some degree for five to seven hours. Glycine is relatively inexpensive; the 
use of aleohol, four ounces daily, costs more than twice as much. 

Of the sixty patients studied, thirty-five had arteriosclerotic peripheral 
vascular disease, thirteen had thromboangiitis obliterans, seven had Raynaud’s 
disease or Raynaud’s phenomenon, and five had miscellaneous vascular disorders 
With associated vasospasm. <All patients except the obvious failures were fol- 
lowed for at least three months. A preliminary report of the results follows. 

Arteriosclerotic Peripheral Vascular Disease-—The average age of these 
patients was 60 years; twenty-nine were males, six were females. Two patients 
had a coexisting chronic thrombophlebitis and four were diabetic. For the 
purpose of this study they were classified into four groups on the basis of the 
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severity of the disease. Group I had symptoms of claudication with physical 
findings of diminished peripheral pulses and minimal to moderate color changes 
and atrophy. Group IT had claudication, rest or night pain, absent pulses, and 
moderate to severe color changes and atrophy. Group IIT comprises those cases 
in whieh ulceration had occurred and in Group TV gangrenous changes were 
present. 

The results of treatment in the arteriosclerotie group are presented in 
Table II. Those patients who are catalogued as having complete relief or 
marked improvement were asymptomatic under the conditions of their normal 
daily activity. Many of those in the slightly improved category have been able 
to return to their former occupations but still must limit their activity to some 
degree. As with any form of treatment of obliterative vascular disease, the 
more severe the arterial insufficiency, the poorer the end result. Three of the 
eight patients with peripheral gangrene had definite relief of pain, but in only 
one instance was this maintained. Of the entire group, thirteen patients were 
unimproved or had such temporary improvement that glycine therapy was 
abandoned in favor of intensive treatment with tetra-ethvl-ammonium. Ten 
of the thirtecn were eventually advised to have a sympathectomy. The lesions 
healed in only two patients with ulceration and one with gangrene; however, 
there were no observed physical changes in patients with a less severe degree of 


vascular insufficiency. 


TABLE II. ARTERIOSCLEROTIC PERIPHERAL VASCULAR DISEASE: RESULTS OF GLYCINE THERAPY 


| XUMBER RELIEF OF SYMPTOMS SUBSEQUENT TREATMENT 
OF HOSPITAL SYMPA- 

GROUP CASES NONI SLIGHT MARKED COMPLETE IZED 2, A THECTOMY 
I 1] 0) 4 | | 0 0 0 
II 13 3 “ 3 l ] 5 3 
III 3 0 l 2 0) 1 1 ] 
IV 8 5 ] 2 0) ’ 7 6 
Total 35 8 14 1] 4 +) 13 10 


*Tetra-ethyl-ammonium compounds. 


Thromboangutis Obliterans—Thirteen males with an average age of 38 
years, on whom a diagnosis of thromboangiitis obliterans had been made, were 
treated with glycine. Six were of only moderate severity and were free of 
ulceration and gangrene; seven were classified as severe because of an open 
lesion and /or a loss of tissue had occurred. Our first few cases were unusually 
severe and the patients had been receiving intensive tetra-ethyl-ammonium 
therapy when this study was initiated. When this group became asymptomatic, 
they were discharged to take glycine as a maintenance measure. This proved 
to be successful and all but one of the patients in this study with severe thrombo- 
angiitis obliterans have been so treated (Table IIT). With one exception, the 
eight patients so managed have remained asymptomatic for periods of four to 
thirteen months. The one failure in this group had had bilateral lumbar sym- 
pathectomy and while under our care was most uncooperative about smoking, 
limitation of activity, and foot care. 

Only five patients were treated with glycine alone; all had a sufficient degree 
of improvement so that they could return to work. 
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TABLE IIT. THROMBOANGIITIS OBLITERANS; RESULTS OF GLYCINE THERAPY 


| wumMBER | INITIAL MAINTE- | GLYCINE THERAPY ALONE 
CLASSIFICA OF T. E. A.* NANCE RELIEF OF SYMPTOMS 
TION CASES | THERAPY GLYCINE NONE | MODERATE MARKED COMPLETE 
Moderate 6 2 2 0 | 2 1 
Severe 7 6 6 0 0 1 0 
Total ic S S 0) ] 3 1 


*Tetra-ethyl-ammonium compounds. 


Raynaud’s Disease and Raynaud’s Phenomenon.—F ive patients with Ray- 
naud’s disease and two with secondary Raynaud’s phenomenon were treated 
with glycine alone (Table IV). Of the two patients who have experienced no 
improvement, one had previously been sympatheectomized without significant 
henefit ; the other patient was interested in treatment only if we would guarantee 
100 per cent success. She was urged to try glycine without a guarantee and 
reported no change after a two-week period. Only one patient had complete 
freedom from attacks while on glycine; the usual improvement was in a 
diminution in the number and severity of the attacks plus a definite inerease in 
the tolerance of cold. 


TABLE ITV. RAYNAUD’S DISEASE OR PHENOMENON; RESULTS OF GLYCINE THERAPY 


NUMBER OF RELIEF OF SYMPTOMS PREVIOUS 
CLASSIFICATION CASES NONE | MODERATE | COMPLETE TREATMENT 
Raynaud’s disease 5 2 2 l i 
Raynaud ’s phenom- 2 0 2 0 0 
enont 
7 2 t ] ] 


*Bilateral Dorsal Sympathectomy. 
7Secondary to (1) ruptured cervical disc and (2) arsenical intoxication. 


Miscellaneous.—Vasospasm with associated cold sensitivity secondary to 
some other vascular disturbance such as chronie lymphedema, chronie thrombo- 
phlebitis, frostbite, and trench foot was somewhat ameliorated by the use of 
glycine. In two instances there was a dramatic response; in the other three 
cases, while the physical evidence of vasospasm disappeared, the patient was 
still symptomatie and required definitive therapy of the primary disease for 
eventual relief. 


DISCUSSION 


The treatment of vascular disease is notoriously difficult to evaluate. 
Changes in the weather, activity of the patient, and exacerbations and remissions 
characteristic of the disease all serve to confuse the result. Beeause of the 
seriousness of the loss of limb, every effort is made to conserve the extremity. 
Under these circumstances combined therapy becomes the rule and further 
obscures the evaluation of new forms of management. We have attempted to 
reduce these factors to a minimum and have outlined the scope of our experi- 
mental and clinical study in the preceding paragraphs. While it may be argued 
that some of our patients would have experienced as much relief with only 
cessation of smoking and routine foot hygiene, we have now had over one year’s 
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experience with this drug and believe that it is a definite adjunct to the con- 
servative treatment of peripheral vascular insufficiency. Experimentally, gly- 
cine produces vasodilatation, certainly not to the degree encountered with the 
use of tetra-ethyl-ammonium or procaine sympathetic blockade,'® but of a 
greater magnitude than has been reported for aleohol.’* 11° However, it is 
inexpensive, has none of the socio-economie disadvantages of alcohol, can be 
taken orally, is completely safe, and, theoretically, could produce virtually con 
stant vasodilatation twenty-four hours a day. 


SUMMARY 


1. The changes in blood flow, skin temperature, and oxygen consumption 
following the ingestion of the amino acid glycine were studied in ten patients 
with peripheral vascular disease. 

2. The results of the conservative treatment of sixty patients with various 
peripheral vascular disturbances utilizing glycine as the vasodilating agent are 
presented. 
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AMPUTATION FOR GANGRENE DUE TO OCCLUSIVE 


ARTERIAL DISEASE 





SAMUEL PERLOW, M.D., AND HAarou_p A. Roru, M.D., CHicaco, Iu. 


(From the Department of Surgery, Michael Reese Hospital) 


HE incidence of gangrene due to occlusive arterial disease has been re- 

duced by our greater knowledge of the peripheral circulation and earlier 
recognition and treatment. But in spite of this, our increasingly large diabetic 
population and greater longevity make the problem an ever-present and 
serious one in the older age groups. 

The mortality following amputations for gangrene in these cases is still 
greater than that for most major surgical procedures in similar age groups. 
The published statistics indicate mortality rates varying from 39.1 per cent! 
to 10 per cent? and 4.7 per cent® for all eases. In the presence of cellulitis and 
rapid spreading gangrene the mortality may be as high as 66.7 per cent* and 
D1 per cent... These figures indicate the seriousness of the problem and suggest 


the need for further study and discussion of methods to improve it. 


ANALYSIS OF CASES 


This report is based on experience with 165 amputations for gangrene 
due to occlusive arterial disease performed by the surgical staff of the Michael 
Reese Hospital from 1936 to 1947 (Table 1). The hospital mortality for the 
165 amputations was 17.5 per cent. In the group there were 143 major ampu- 
tations with a mortality of 19.5 per cent. The rate varied from a 25 per cent 
mortality in the 1936 to 1958 period before the use of sulfonamides to 15.5 
per cent in the 1959 to 1944 period when the sulfonamides were used, and 
11.7 per cent in the 1945 to 1947 period during which penicillin was used. 
All the hospital deaths regardless of their relation to the amputations were 
included in these statistics. Actually, of the total of 28 deaths, 6 were not 
related to the amputation. In 5 cases death was the result of a pre-existing 
eardiae condition 28, 31, 50, 54, and 74 days after amputation and long after 
the operative wound had healed, and 1 died of a gastrie hemorrhage on the 
twenty-first day of an otherwise uneventful convalescence. Exclusion of these 
deaths from the statisties results in an operative mortality rate of 13.5 per cent 
for the 165 amputations, 15.5 per cent for the major amputations, 8.5 per cent 
for all the amputations in the 1945 to 1947 period, and 9.6 per cent for the 
major amputations in that period (Table IT). 

The decline in the mortality rate over the years seems to be due in great 
part to the decrease in the incidence of infection and sepsis (Table VI) and 
coincides with the use of the antibiotics and blood transfusion. 

There were 97 amputations in diabetie patients with a hospital mortality 


of 15.3 per eent, 47 eases of senile arteriosclerosis with a mortality of 20.9 


teceived for publication, July 26, 1948. 
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TABLE I. AMPUTATIONS AND HOSPITAL MORTALITY IN VARIOUS PERIODS 





MAJOR 
AMPUT. 


HOSP. 


MORT. 


TOTAL 
AMPUT. 


HOSP. 
MORT. 






















YEARS PER C 





ENT REMARKS 


“1945-1947 31 | 12.9 35 | 11.7 Penicillin 

1939-1944 78 14 17.9 90) 14 ios Sulfonamides, blood 
1936-1938 34 10 29.4 40 10 25.0 

Total 3 2 19.5 165 ~ 28 17.5 





TABLE II. OPERATIVE MORTALITY (HOSPITAL MORTALITY CORRECTED ) 








AMPUTATIONS YEARS NO. OPERATIVE DEATHS PER CENT 





Total 1936-1947 165 22 lao 
i Major 1936-1947 143 22 Lo.o 
Total 1945-1947 35 o 8.5 
Major 1945-1947 31 3 9.6 





per cent, 14 cases of thromboangiitis obliterans with a 7.1 per cent mortality, 
















and 7 cases of arterial embolism with a 57.1 per cent mortality (Table II1). 
The associated severe cardiae disturbance in the eases of peripheral arterial 
embolism was a contributing factor in that mortality and the greater average 
age of the senile arteriosclerotic patients was a factor in that group. Our 





diabetic patients were adequately prepared and controlled during the post- 
operative period with intravenous glucose and regular insulin in most. in- 
stanees. In those patients who were operated upon under refrigeration an- 
esthesia the dietary control was no problem and they received their regular 
diets and insulin even on the day of surgery. Contrary to the reported statistics 
our mortality in this group of diabeties was fairly low (13.3 per cent). There 
was a greater incidence of wound infection in these patients and for this 
reason it seems that in the diabetic patients especially intensive pre- and post- 
operative treatment with antibioties is important. 












TABLE IIT. CAUSES OF THE GANGRENE 








MAJOR HOSP. MINOR TOTAL HOSP. 


CAUSE AMPUT. MORT. PER CENT AMPUT. AMPUT. MORT, PER CENT 
Diabetic endarteritis 83 13 15.6 14 97 i3 13.3 
Arteriosclerosis $4 10 22.9 3 47 10 20.9 
Thromboangiitis obliterans 9 l 11.1 D 14 l ih 
Emboli 7 } Sve 0 g 4 a 
Total E 143 28 19.5 22 165 28 17.5 


There were 124 amputations above the knee, 19 below the knee, 6 through 
the foot, and 16 toe amputations (Table IV). Although all the deaths followed 
amputations above the knee, we believe that it was purely coincidental and not 







cause and effect. The lower amputations were all in better risk patients. 











TYPE OF AMPUTATION 





TABLE IV. 


TYPE NO, HOSP. MORT. PER CENT 
Thigh 124 28 22.5 — 
Leg 19 0) 0 
Foot 6 0 0 


Toe 16 0 0 
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Of the 22 
amputation (45.5 per cent). 
(50 


66 per cent), and 5 eases of thromboangiitis obliterans with 1 reamputation 





minor amputations (Table V), 10 later required a major re- 





There were 14 diabetic cases with 7 reamputa- 





senile arteriosclerosis with 2 reamputations 





tions per cent), 5 eases of 





20 per cent). In the eases of diabetie and senile arteriosclerosis, minor ampu- 





tations were successful only in the presence of a pulsating vessel at the ankle 






or after a preliminary sympathectomy. In several young men with thrombo- 





angiitis obliterans, amputation of a toe was suceessful in the absenee of such 





a pulse, probably because of the better development of collaterals in that 





condition. From our experience we believe that it is wise to precede all minor 






amputations by a sympathetic ganglionectomy. 








MINOR AMPUTATIONS AND RE-AMPUTATIONS 





TABLE V. 














MINOR AMPUT. MAJOR REAMPUT. 





CAUSE PER CENT 






Diabetic endarteritis 14 i 50.0 
Arterioselerosis 3 2 66.6 
Thromboangiitis obliterans 5 1 20.0 
Emboli (0) 0) () 

Total 22 10 15.4 





1 leg amputation later required reamputation above the knee. 
\utoamputations of toes are not included in table. 









Ten of the 28 hospital deaths (Table VI) were due to cardiovascular dis- 


eases as cerebral hemorrhage and thrombosis, coronary occlusion, auricular 





fibrillation, and cardiae decompensation. In most instances the cardiae con- 





dition existed prior, to the onset of the gangrene and in 4 of the deaths which 





followed arterial embolism it was the indirect cause of the gangrene. There 






were 14 deaths due to pneumonia, wound sepsis, pyelonephritis, and decubitus 
9 





uleer. Of these, 18 oceurred before the advent of penicillin. There were 






deaths due to pulmonary embolism, 1 due to gas gangrene, and 1 due to a 





gastric hemorrhage. <As indicated in Table VI, deaths due to sepsis have been 






reduced greatly since the use of antibiotics but the cardiovascular system con- 





tinues to be a great hazard. The average age of the 28 patients who died 






was 66.5 years. 










TABLE VI. CAUSES OF DEATH 














SEPSIS 











GASTRIC 








TOTAL HOSP. AVER, CARDIOV. PNEU- GAS HEMOR- 
YEAR AMPUT. MORT. AGE DISEASE MONIA EMBOLI GANGRENE RHAGE 
1947 16 2 2 
1946 16 2 l l 
1945 zs 0) 
1944 5 2 2 
1943 ib 2 2 
1942 4 8 3 4 ] 
1941 23 () 
1940 10 2 l I 
1939 4 0) 
1938 1] 6 l a l ] 
1937 17 4 3 ] 
1936 | 0 
Total 165 28 66% yr. 10 14 2 l ] 
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The 1 death from gas gangrene occurred in 1938 following an emergency 


amputation because of high fever and spreading cellulitis. No antitoxin was 
administered. The patient died the following day. The gas bacillus infee- 
tion apparently was present on admission. It is our policy to administer a 
therapeutic dose of tetanus and gas gangrene antitoxin on the day before 
amputation. 

During the same period, 1936 to 1947, 22 major amputations were per- 
formed for nongangrenous conditions such as sarcoma, osteomyelitis, ete 
(Table VIL). These patients averaged 30 years younger than the ones with 
amputations for gangrene. There was only 1 hospital death (4.5 per cent). 


TABLE VII. AMPUTATIONS FOR OTHER CONDITIONS, 1936-1947 


CAUSE NO, MORT. 

Chronic osteomyelitis 5 

Compound fracture with osteomyelitis 6 

Sarcoma 5 Se 
Arthroplasty l 

Gunshot ] 

Congenital deformity l 

Total 22 l (4.5%) 
*A 55-year-old man, who died on the fortieth day of sepsis and pneumonia. 


Preliminary ligation of the femoral vein on the side of the amputation was 
carried out in 34 of our cases as recommended by Veal® as prophylaxis against 
pulmonary embolism. Only one of these patients died of a pulmonary embolus 
which on post-mortem examination was found to come from the opposite ex- 
tremity. There was no edema of the stump in any of our cases as a result of 
this ligation, no increased bleeding, and no delay in healing. The number of 
vein ligations is too small for generalizations to be made regarding the efficacy 
of this procedure in preventing embolization, but it seems quite logical. After 
the usual amputation either below or above the knee, a considerable length 
of the popliteal and femoral veins remains as a ‘‘dead end’’ in which thrombo- 
sis occurs and emboli may originate. Ligation of the femoral vein below the 
profunda just before the amputation eliminates this and adds very little to 
the operating time or shock. 

One hundred seventeen amputations were performed under general in- 
halation anesthesia, 23 under spinal anesthesia, 22 under refrigeration, and 
3 under nerve block anesthesia. We found that even our elderly patients tol- 
erated inhalation or spinal anesthesia well. Refrigeration anesthesia’ was 
used since 1941 in the acutely ill and debilitated individuals and in the poor 
risk diabetic patients in whom the dietetie management was a_ problem. 
Thirty-eight amputations were attempted under refrigeration anesthesia but 
in only 22 eases was it entirely suecessful. In all the others it had to be sup- 
plemented with an inhalation anesthetic when the nerves were clamped and 
the hone severed. There was practically no shock following amputations 
under refrigeration and most of the patients were able to return to the regu- 
lar dietetic management the same day. There was a slight increase in the 
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serous drainage from the wound and some delay in healing. In 2 of our 
earliest Gases there was some sloughing of the skin edges. Our method of re- 
frigeration of an extremity for anesthesia is described elsewhere.* 

In addition to its use as an anesthetic agent, refrigeration and a tourni- 
quet have been used in a large number of our patients prior to surgery as a 
means of combating the severe pain and cellulitis present. By these means 
we were able to produce, in effect, a physiologic amputation for several days 
before actual removal of the limb. This enabled us to carry out adequate pre- 
operative measures. Many of our severely ill, toxic, and debilitated patients 
improved so much because of refrigeration that the amputation was changed 
from one of emergency in a poor risk patient to an elective procedure in a 
well-prepared individual. It is our opinion that refrigeration, both as a pre- 
operative measure and as an anesthetic, has aided materially in lowering the 
amputation mortality. 


DISCUSSION 


(iangrene of an extremity is the end result of progressive peripheral vas- 
cular insufficiency which has not responded to any of our methods of treatment. 
In dealing with this problem the surgeon must realize and take into account 
the facet that most of these patients have involvement of the whole vascular tree 
including the coronaries and the cerebral vessels, as well as the extremities. His 
first objective is to preserve the life of the patient, and the second to limit the 
eangrene and amputate at such a level as will give the individual the best pos- 
sible walking limb when fitted with a prosthesis. In these days of antibiotics, 
blood transfusion, and refrigeration, gangrene is seldom an emergeney, and the 
surgeon has adequate time to evaluate the patient carefully and to earry out 
measures that will aid possible autoamputation or permit amputation at a low 
level. 

As a rule most of these elderly patients are debilitated from long suffering 
and infection by the time they come to surgery. It is of utmost importance 
that the malnutrition, avitaminosis, dehydration, and hypoproteinemia be eor- 
rected by appropriate measures including parenteral fluids, plasma or hy- 
drolvsates, and vitamins. <As in all surgical procedures this will materially 
lower the mortality and morbidity following amputation. The secondary 
anemia may be very severe in some of the patients on admission to the hospital. 
We believe that it is much wiser to correct this quickly by blood transfusion 
than to wait for improvement with diet, iron, ete. This results in a propor- 
tional increase in the nourishment and oxygen reaching the extremity, and 
one is frequently amazed by the marked local improvement and relief of pain 
that follows along with the general increased strength of the patient. 

A high percentage of the diabetic and senile arteriosclerotic patients 
have some form of heart disease. It goes without saying that all possible 
measures to improve the eardiae status should be carried out during the pre- 
operative period. An anesthetic with a high oxygen concentration or re- 
frigeration should be used and the patient should be placed in an oxygen tent 


immediately after surgery. Because of the ever-present infection in gangrene 
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and the high incidence of gas bacillus infection that is reported following 
amputation,? a course of antibiotic therapy and a prophylactic therapeutic 
dose of gas gangrene and tetanus antitoxin should be given to every patient 
before surgery. 

Various methods have been recommended to determine the best level for 
amputation, such as the histamine, the fluorescein, and reactive hyperemia 
tests, and the skin temperature determination. We have found the oscillo- 
metric reading to be the most reliable for this purpose. The presence of a 
pulsating vessel at any joint, however slight it may be, is an indication that 
it is reasonably safe to amputate just below it. In young patients with gan- 
grene due to thromboangiitis obliterans we have been fortunate occasionally 
to obtain a healed wound in the absence of a pulsating artery at the joint 
proximal to the site of amputation when the skin temperature was within 
normal limits. In those younger individuals who must perform active work 
for a livelihood and who are in reasonably good general condition it is often 
worth while risking a possible reamputation in order to save an ankle or a 
knee. But in the elderly and debilitated and in those with a rapid spreading 
cellulitis and gangrene such conservatism and risk are not warranted. 

Pain due to an ulcer or gangrene of a toe usually subsides with improve- 
ment in the local inflammation and in the cireulation brought about by medical 
means or sympathectomy. When it persists, peripheral nerve section or an- 
esthetization with procaine in oil is helpful.*'° In addition to relieving the 
pain these procedures often cause sufficient vasodilation to heal the lesion. 
In a high percentage of such cases, relief of the pain by these means and con- 
tinuation of conservative treatment have resulted in healing of ulcers and auto- 
amputation of toes. 

In the absence of cellulitis or of spreading gangrene we have favored eon- 
servatism in such eases for a reasonable length of time. However, during 
this period there is constant danger of a spreading infection which must be 
avoided by all possible means. Irequent short courses of antibiotics and 
small blood transfusions are especially helpful. 

The most common paths of infection from a gangrenous toe are along 
the tendons and in the fascial spaces. The surgeon frequently and ad- 
vertently initiates such a complication by overzealous débridement of the 
gangrenous part. Often a gangrenous phalanx is removed before the attached 
tendon has become fixed by the inflammation, thus allowing it to retract 
toward the muscle belly carrying infectious material. When such a spread of 
infection and loealized suppuration does occur, the treatment should be along 
recognized surgical principles as incision and drainage. We have found con- 
servatism and delay in removing gangrenous tissue to be the safest. 

Amputation of a toe ean be performed in most instances under nerve 
block anesthesia. Any or all of the five nerves supplying the foot, the pos- 
terior tibial, the superficial and deep peroneals, the sural, and the saphenous 
nerves can be anesthetized above the ankle and complete anesthesia of the 
operative field obtained. After adequate skin preparation, an elliptical .in- 
cision is made about the base of the involved toe and extended upward on the 
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dorsum of the foot to permit removal of the head of the adjacent metatarsal. 
The tendons and bone are separated proximal to the gangrenous area and the 
toe is removed from proximal distally to prevent contamination of the fresh 
wound surfaces. The wound edges are brought together loosely with silk. 

The transmetatarsal amputation is best performed under general or 
spinal anesthesia. The surgeon should plan a fairly long plantar skin flap 
because the dorsal skin tends to retract and to heal poorly. The metatarsals 
are severed at the junction of the proximal and middle thirds and the bleeding 
points ligated with the finest possible catgut or silk. The skin should be closed 
loosely over the end of the bones and a small Penrose drain led out between 
the sutures for several days. 

Of the major amputations, one below the knee is the most preferable. 
The walking ability of a patient with such an amputation and a properly 
fitted prosthesis is so much superior to that with a supracondylar amputation 
that the surgeon should feel obligated to perform the lower amputation when- 
ever possible. Most of our patients who have had such amputations have 
been able to return to gainful occupations. There is usually very little diffi- 
culty in healing of the stump in the presence of even a weakly pulsating 
popliteal artery, and in a few of our younger patients we have obtained well- 
healed stumps even in the absence of such a pulsation but with normal skin 
temperature to the ankle. Ordinarily occlusion of the femoral artery is an 
indication for a supracondylar amputation. 

Recently we have performed lumbar sympathetic ganglionectomy in 
some of our cases when the popliteal and femoral pulsations were absent in 
order to improve the circulation in the leg so that a low amputation could be 
performed with less risk of nonhealing. Of 10 patients so treated we were 
able to save the ankle in 2 and the knee in 7. In each ease the clinical exam- 
ination indicated a supracondylar amputation as the one of choice before 
the sympathectomy. In the tenth patient the circulation below the knee was 
not improved sufficiently to warrant a low amputation. These results seem 
to us to recommend preliminary sympathetic ganglionectomy whenever pos- 
sible in order to perform a low amputation. Although this seems like a radieal 
means of preparation for amputation, we should realize that a useful knee may 
mean the difference between a patient who can walk well and earn a liveli- 
hood and one who cannot. In the individual who will have to be on his feet 
this procedure should be considered seriously even though there is the added 
risk of a second operation. 

In all our major amputations we planned for side-bearing stumps.  Al- 
though it is generally agreed that an end-bearing stump such as in the Pirogoff 
and Gritti-Stokes operations is desirable whenever possible, the very nature 
of the conditions for which these amputations were performed made the risk 
of nonfusion of the bones too great for the possible advantages. The optimum 
site for amputation below the knee is through the middle third of the leg in 
order to allow ample clearance for the knee and ankle mechanisms of the 
prosthesis, but if necessary a bone stump as short as 1 inch below the tibial 
tubercle can be fitted with an adequate prosthesis. 
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A skin incision is made 6 to 7 inches below the tibial tubercle so shaped 
as to make a slightly curved anterior and a somewhat longer posterior flap. 
On the lateral surface the incision is extended upward for 2 inches to permit 
better exposure of the fibula. The muscle compartments are opened about 
114 to 2 inches proximal to the skin incision and the major blood vessels and 
nerves are exposed, clamped separately, and cut. The muscles and the inter- 
osseous membrane are then severed at that level and the tibia cut with a 
handsaw at the point of greatest muscle retraction, or approximately 4 inches 
helow the tibial tubercle. The crest of the tibia is beveled to eliminate the 
sharp angle which often results in pain and skin necrosis. The fibula is then 
exposed through the lateral incision and removed at a point 1 to 2 inches 
ahove the tibial level. The vessels and nerves are then ligated. The peri- 
osteum is not removed from the bone ends. The investing fascia of the leg 
is sutured and the skin closed with interrupted sutures. A rubber drain is 
inserted below the fascia. The skin should cover the stump very loosely. 
Skin traction is applied immediately by means of adherent and stockinet or 
adhesive tape to obtain a painless stump and better healing, and is maintained 
until the wound is healed. We do not use a tourniquet for any amputation. 

Above the knee we prefer the modified guillotine supracondylar amputa- 
tion. Slightly rounded anterior and posterior skin flaps of equal length are 
fashioned extending to the patella. The skin is allowed to retract and the 
fascia and musele bundles are severed at the point of greatest skin retraction. 
The major vessels and the sciatic nerve are then isolated, clamped separately, 
and cut. The bone is severed with a handsaw at the point of greatest muscle 
retraction, leaving the periosteum attached up to the cut end. The vessels 
and the nerve are then ligated. A purse-string suture through the fascia 
will cover the stump of the femur and center it between the muscles. The skin 
is then sutured loosely. A Penrose drain is placed between the fascia and 
skin and led out between the sutures or through a posterior stab incision. 
We have found that skin traction is unnecessary here if the flaps are of ade- 
quate size, but when there is any tension on the skin, traction is applied im. 
mediately. In some of our cases the sciatic nerve end was injected with 
aleohol and not in others. The results were the same. There was not one 
known painful neuroma in the series. 

Careful attention to details during the early postoperative period will 
reduce the mortality and morbidity. Most of our patients are given a trans- 
fusion of 500 ¢.c. of blood either during or immediately after operation to 
overcome blood loss and shoek. The older individuals cannot stand much 
blood loss without danger. Antibiotics are administered subcutaneously to 
all for the first five to seven days. Our older patients and those with cardio- 
renal or pulmonary diseases are placed in an oxygen tent immediately on 
returning to bed. We believe that this has been a great aid in tiding some 
over the critical period. Deep breathing and well leg exercises are usually 
started on the first day after operation, and in most cases unless otherwise 
contraindicated the patient is placed in a wheel chair on the second or third 
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day. Applieation of an ice bag to the stump over the dressings for short periods 
frequently relieves postoperative pain, but when necessary morphine is used. 

In a few of our patients we have noticed a brief period of mental derange- 
ment in the early postoperative period with complete loss of memory for re- 
cent events. Usually this cleared up spontaneously in a matter of days. 


SUMMARY 


1. Results and experiences with 165 amputations for gangrene due to 
peripheral arterial disease at the Michael Reese Hospital are presented. 

2. The total hospital mortality for these cases was 17.5 per cent and was re- 
duced from 25 per cent in 1936 to 1938 to 11.7 per cent in 1945 to 1947. Elim- 
ination of the hospital deaths due to conditions which existed prior to the ampu- 
tation and which occurred after the wound had healed resulted in an operative 
mortality of 15.5 per cent for the 165 amputations (1936 to 1947) and &.5 per 
cent for the 1945 to 1947 period. 

3. The improved results are due in great part to better pre- and _ post- 
operative care, blood transfusions, antibioties, and refrigeration. 

4. Refrigeration reduces absorption of toxins from the area of gangrene 
or inflammation and permits adequate preoperative preparation. When used 
as an anesthetic agent it prevents shock. 

). Preliminary sympathetic ganglionectomy in selected cases will permit 
amputation at a lower level than would be possible otherwise. 
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EXPERIMENTAL ANASTOMOSES OF VESSELS TO THE HEART 
PossiIBLE APPLICATION TO SUPERIOR VENA CAVAL OBSTRUCTION 


FRANK GERBODE, M.D., JAMES YEE, M.D., AND FEF. EF’. RuNbLE, M.D. 
San FRANCISCO, CALIF. 


(From the Laboratory of Experimental Surgery, Stanford University School of Medicine) 


pg E obstruction of the superior vena cava, in man, causes marked eleva- 
tion of the venous pressure in the head, neck, and upper extremities, and 
often results in edema of the upper body, and pleural effusion. If the patient 
survives, profound disability often results because, though an abundant col- 
lateral circulation develops, this seldom is sufficient to compensate for the ob- 
struction. Although the obstruction is due most commonly to aneurysm or 
mediastinal tumors, there are many eases for which various types of chronie 
fibrosing mediastinitis are responsible.’ *** The correction of such fibrous con- 
striction is frequently impossible and, tlerefore, relief of congestion requires 
the establishment of an alternative venous route to the heart. 

Carlson’st experimental observations in the dog led him to conclude that 
acute occlusion of the superior vena cava below the azygos vein was fatal, but 
in two out of three trials he succeeded in producing a two-stage obstruction of 
the superior vena cava and the azygos vein. Six out of seven of his dogs with 
an acute occlusion above the junction of the azygos survived. 

It has been demonstrated amply that arterial shunts will remain patent 
within the thorax,®»® and quite recently Hanlon and Blalock,’ in seeking a 
method for the treatment of transposition of the aorta, demonstrated that under 
experimental conditions an anastomosis of the right pulmonary vein to the 
superior yena cava was technically feasible, though pulmonary vein to auricle 
anastomoses were unsatisfactory. 

The first of our experiments, done in September, 1947, dealt with utilizing 
the azygos vein to shunt around an obstruction in the superior vena cava. Some 
success with these anastomoses* led to a series of experiments in which sub- 
sequently the superior vena cava was anastomosed to the right auricle to relieve 
chronie as well as acute superior vena ¢aval obstruction. 


GENERAL PROCEDURE 


The experiments were conducted on adult dogs weighing 11 to 18 kilograms. 
They were anesthetized with veterinary nembutal (1 ¢¢., or 5 er., for each 5 
pounds body weight given intravenously). In a few instances this was sup- 
plemented with inhalation ether. A mechanical respirator and endotracheal 
tube were used. The thorax was entered through the right fourth interspace, 
it being possible to gain enough exposure without rib resection. During the 
vascular suture, a bloodless field was maintained by using Blalock or bulldog 
elamps on the veins, and a special rubber-covered clamp on the auricle. With 
two exceptions, the anastomoses were accomplished with the continuous everting 
mattress type of suture, using 00000 arterial silk on a No. 9 minimum-trauma 
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needle. About 1 ¢.¢. of heparin solution was used at the anastomotic site in 
each of the experiments, but no anticoagulants were administered postopera- 
tively. To complete the procedure 100,000 units of penicillin were instilled 
into the pleural space, the ribs were approximated with two linen sutures, and 
the various other layers with interrupted silk. Jugular venous pressures were 
taken pre- and postoperatively by the direct method. In some instances direct 


caval pressures were taken by means of eardiae eatheters passed through the 





Fig. 1.—Diodrast angiogram in a dog with complete thrombosis of the superior vena 
cava extending to the subclavian vein, of at least three weeks’ duration. This followed sev- 
eral operative procedures including ligation below the level of the azygos vein, and an un- 
successful atriocaval anastomosis. Compare with Fig. 9, in which identical procedures were 
performed, but the venous congestion was relieved by thrombectomy and atriocaval shunt. 
brachial vein. Patenecy of anastomoses was determined by angiography,* 
thoracotomy, or necropsy. Eleetrocardiograms were taken preoperatively in 
two of the animals which had atriocaval anastomoses, and postoperatively on 
five animals in this group.t 


ACUTE THROMBOSIS OF THE SUPERIOR VENA CAVA 


Following partial ligation or anastomosis, acute thrombosis of the superior 
vena eava occurred four times. These animals appeared listless, had cyanosis 
of the tongue, and distention of the jugular veins. There was usually edema of 

*The angiograms were done under the direction of Dr. Charles E. Duisenberg of the 
Department of Roentgenology. 


*#The expression atriocaval anastomosis is used to indicate a shunt between the superior 
vena cava and the right auricular appendage. 
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the head, neck, and shoulders, in some instances involving the chest wall. The 
jugular venous pressures measured by the direct method rose to above 20 em. 
of water, the average in these animals being 22 em. compared with a normal of 
7 em., the zero point being 5 em. above the table with the animal lying on his 
left side. The inereased venous pressure caused a transudation of fluid into 
the pleural space, which was always enough to cause respiratory embarrassment 
(Fig. 1). 
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Fig. 2.—A, This type of shunt was done two to four weeks after partial ligation of the 
superior vena cava. The occlusion was made complete at the time of the shunt. B, Method 
of performing a one-stage obstruction of the superior vena cava and utilizing the azygos vein 
as a shunt. 


AZYGOS VEIN SHUNTS 

These experiments were conducted to determine whether the azygos vein 
could be used to circumvent an obstruction in the superior vena cava. In two 
animals the superior vena cava was obstructed completely above the level of the 
azygos vein by means of a braided silk ligature. At the same procedure the 
azygos vein was freed from the thoracie wall and anastomosed to the superior 
vena cava above the point of obstruction (Fig. 2, B). Both animals survived 
this procedure without showing any of the usual effects of complete superior 
vena caval occlusion. One of the animals was killed after one week, and the other 
after 180 days, necropsy in both eases revealing a smooth, open stoma which had 
remained approximately its original size (Fig. 3). 

In another series of six animals an incomplete obstruction of the superior 
vena cava was produced, just below the level of the azygos vein, by loosely tying 
a braided silk ligature around it. This raised the jugular venous pressure to 
two or three times the normal as measured by the direct method. Five animals 
survived this procedure, the sixth dying from a chylothorax caused by injuring 
the thoracic duet. It was hoped that the increased load carried by the azygos 
vein might eause it to dilate and become a more suitable size for anastomosis, 
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hut very little dilatation occurred. Perhaps a longer interval would have al- 
lowed more dilatation. Two to four weeks later these animals were again sub- 
jected to thoracotomy; the superior vena cava was completely occluded with 
another ligature at the same level (below the azygos), and the azygos vein was 
shunted into the right auricle to bridge the obstruction (Fig. 2, 4). In order 
to perform this anastomosis, a rubber-covered clamp was applied to the auricle 
between the superior and inferior vena cavae, temporarily pinching off a small 
segment of it. A small circular piece of atrial wall, the size of the azygos stoma, 
was excised with small curved scissors to provide an opening into the atrium. 
In two of these five animals the postoperative venous pressures remained low, 
and at thoracotomy after 82 days in one instance, and necropsy after 114 days in 








Fig. 3.—(1) Azygos vein to superior vena cava anastomosis of 180 days’ duration. (2) Site 
of obstruction in the superior vena cava produced by a braided silk ligature. 


the other, patent, though somewhat narrowed, anastomoses were found (Fig. 4). 
In two other animals the venous pressures indicated patent stomas in the im- 
mediate postoperative period, but in a few weeks the pressures became elevated 
and angiograms revealed occlusion at the site of anastomosis. These findings 
were confirmed by thoracotomy, at which fibrous occlusion of the anastomosis in 
both instances was found. Curiously enough, in neither animal had the azygos 
vein become thrombosed. The fifth animal in this group developed acute 
thrombosis of the superior vena cava on the fourteenth day after the azygos 
shunt. 
ATRIOCAVAL ANASTOMOSIS 


In these experiments the superior vena cava was transected just above its 
Junction with the azygos vein and anastomosed to the right auricular appendage. 
There were ten animals in this group. Five had had a preliminary partial liga- 
tion of the superior vena cava below the azygos vein.* In the remaining five 
animals the anastomosis was accomplished without preliminary ligation. 


*In three of these five dogs an azygos to atrial shunt had also been done, but the stoma 
had become occluded. 





















SURGERY 


The operative procedure was as follows: The superior vena cava was 


mobilized by incising the pleura along its margins, permitting the separation 
of the tissues from its posterior wall. The pericardium ascends for several 
centimeters on the lower end of the superior vena cava. Its sae was incised 
over the lower end of the superior vena cava allowing the upward reflection of 
pericardium to be cleared from the vein by sharp dissection. This incision, 
when earried downward, exposed the right auricle. A few cubic centimeters 
of 1 per cent procaine hydrochloride were applied to the surface of the auricle. 
The lower end of the superior vena cava, just above the level of the azygos vein, 


Azygos 
Soaeet 





Fig. 4.—Angiogram showing an azygos vein to right auricle shunt of three weeks’ duration. 


was clamped with two special hemostats (Fig. 5). About 3 em. above this a 
rubber-covered clamp was applied, and the superior vena cava was transected 
just above the hemostats. The auricular appendage was then picked up with 
toothed forceps, a rubber-covered clamp was applied across its base, and a small 
piece of the tip of the auricular appendage was excised with scissors. A few 
extrasystoles oceur as the auricle is handled, but these cease in a few seconds, 
as do contractions in that portion of the auricle beyond the clamp. The pro- 
caine probably minimizes the number of extrasystoles. The end of the superior 
vena Cava was then anastomosed to the opening in the auricle, using a continuous 
everting silk suture. It is a little difficult to evert the irregular musculature 
of the auricular wall, but this can be accomplished if care is taken. A few in- 
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Fig. 5.—Technique of anastomosing the superior vena cava to the right auricle. 


a, The superior vena cava has been transected above the level of the azygos vein; the 
right auricular appendage is grasped with a rubber-covered clamp while the tip is excised, thus 
creating a lumen into the atrium. 

b, A continuous everting suture of arterial silk is used. A broad cuff is everted so that 
none of the cut edge of the auricular muscle remains in the lumen. 

ec, The anterior row is reinforced with a few interrupted sutures. The stump of the 
Superior vena cava is closed with a double row of arterial silk. 

d, The completed anastomosis. 
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terrupted sutures were added to the anterior row. There was no severe bleeding 
when the clamps were removed, and only two anastomoses required an ad- 
ditional suture. The stump of the transected superior vena cava was closed 
with a continuous arterial suture. In all but two animals the azygos vein was 
occluded at this point. The pericardium was approximated over the anastomosis 
with several interrupted silk sutures. 


Pl 
; 





Fig. 6.—Superior vena cava to right auricle shunt of thirty-five days’ duration. A No. 24 
bougie passed through this stoma, while the cava admitted a No. 32. 

There were no operative deaths following this procedure. Seven of the ten 
animals having this shunt had a normal postoperative course, without exhibiting 
the usual signs of oeclusion of the superior vena cava, and with patency demon- 
strated by angiography or necropsy (Fig. 6). One animal had a small non- 
occluding thrombus at the site of the anastomosis. Three animals developed 
complete superior vena caval thrombosis postoperatively and were killed. In 
each some technical explanation could be furnished. Thus one animal had the 
shunt made after removing a great deal of thrombus, which had formed following 
a previous partial ligation. This thrombus appeared to be of several days’ 
standing. There was a massive pleural effusion, and the intima was seen to be 
rough in the area from which it was removed. Another had evidently recovered 
from a partial thrombosis of the superior vena cava, making it necessary to do 
the anastomosis in an area of the superior vena cava that was narrowed and 
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thickened. The third postoperative thrombosis occurred in an anastomosis 
which required an additional suture for bleeding and some twisting had _ oe- 
curred. 

Of unusual interest was the following experiment, in which a thrombus 
weighing 10 Gm. was removed from the superior vena cava. Thrombosis had 
occurred following partial ligation. 

Animal SVC 2, Male, Weight 11.2 Kilograms.—Feb. 10, 1948, under nembutal and 
ether anesthesia the thorax was opened in the usual manner, <A braided silk ligature was 
loosely tied around the superior vena cava just below the azygos vein. This raised the jugular 
venous pressure from 10 em, to 17.5 em. of water. 

Feb. 16, 1948, the jugular venous pressure had risen to 28.0 em., the animal was listless 


and had edema of the neek and shoulders. 


THROMBECTOMY AND ATRIOCAVAL SHUNT 
FOR THROMBOSIS OF THE SUPERIOR VENA CAVA 
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Fig. 7.—Graph showing the venous pressures in Animal SVC 2. Note the rise in jugular 
venous pressure after partial ligation and thrombosis of the superior vena cava. After re- 
moval of the thrombus and establishment of an atriocaval shunt, the venous pressure re- 
mained normal. 


Feb, 19, 1948. The jugular veins were very distended and the edema had increased. 
Both sides of the thorax showed signs of pleural effusion. The animal was gasping and ap- 
peared moribund, The jugular venous pressure was 33 em, Under nembutal and ether anes- 
thesia, the thorax was opened and 500 ¢.c. of serous fluid were aspirated from the pleural 
space, The superior vena cava was found to be thrombosed for a distance of 34% em, It 
was freed from the surrounding tissues up to the innominate veins, a rubber-covered clamp 
Was applied at this level, and two special clamps were placed just above the azygos. <A short 
incision was then made in the lower end of the superior vena cava and through this opening 
10 Gm. of soft thrombus were removed. Clots extending into the innominate veins were 
washed down by partially releasing the clamp. The lumen was irrigated with saline solution 
and 1 cc, of heparin was instilled. The superior vena cava was then transected and the upper 


livided end was anastomosed to the auricular appendage with an everting suture, The fol- 
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lowing day the animal was up and about the cage; he made a rapid and uncomplicated re- 
covery. Postoperatively, the jugular venous pressure was 8 em., and it has continued to re- 
main within the normal limits (Fig. 7). On Feb. 26, 1948, an electrocardiogram was normal, 


and on March 11, 1948, angiograms demonstrated an open anastomosis (Fig. 8 


oe 





Fig. 8.—Diodrast angiogram of animal SVC 2 three weeks after removal of a throm- 
bus weighing 10 Gm. from the superior vena cava to the right auricle. The dye flows freely 
into the auricle, without obstruction, although some narrowing can be seen at the site of the 
anastomosis. 


DISCUSSION 


These experiments clearly indicate that venous shunts to the atrium are 
technically possible, and that if the caliber of the shunt is large it will remain 
patent in most instances. The atrioazygos shunts demonstrate that some degree 
of fibrosis must be expected at the site of the anastomosis, and this may be great 
enough to obliterate a small shunt. The fibrosis is perhaps due to the muscular- 
ity of the auricular wall, for it was not seen in the azygos vein to superior vena 
cava shunts. Some narrowing occurred in the atriocaval shunts, but it was in- 
sufficient to produce signs of obstruction in the seven animals whieh did not 
develop postoperative thrombosis. Three of these animals have been followed 
for more than a year. The possibility of arrhythmia was considered, but 
none was found in those animals which had postoperative electrocardiograms. 
The fact that our experiments have given some highly successful results without 
the postoperative use of anticoagulants suggests that similar procedures might 
be employed in man, under appropriate circumstances. 
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The level of occlusion of the superior vena cava obviously would determine 
the type of vascular shunt required. In Fischer’s! 166 collected cases the ob- 
struction occurred above the junction of the azygos vein in 14, included the 
azygos in 121, and was below the level of the azygos in 31. This last group 
would seem to be the most amenable to a shunting procedure, either by utilizing 
a dilated azygos vein, or by a direct anastomosis of the upper end of the superior 
vena cava, to the right auricle. When the occlusion involves a long segment of 
superior vena cava it is conceivable that a dilated innominate or subclavian vein 
might be used as a shunt to the auricle, or even that a vein graft might prove 
feasible. 


CONCLUSIONS 


Venous obstruction due to experimental occlusion of the superior vena cava 
at different levels can be successfully relieved by the following types of shunts: 
azygos vein to superior vena cava, azygos vein to atrium, and superior vena cava 
to atrium. Shunts from the azygos vein to the atrium in the dog are frequently 
unsatisfactory due to fibrosis at the line of suture. This disadvantage might be 
overcome if the vein were larger. Experimentally, anastomoses between the 
superior vena cava and the auricle are technically possible and they remain 
patent and functional in most cases. Such vascular anastomoses to the heart 
might be applied to man under suitable circumstances. 
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THE COEXISTENCE OF INTRA-ABDOMINAL LESIONS IN 
PATIENTS WITH EPIGASTRIC HERNIA 


JoHN M. Horrman, M.D., AND Greca D. Woop, M.D., PorTLAND, ORE. 


N PATIENTS with epigastric hernia, it should be emphasized that pain in the 

upper abdomen frequently is caused by a coexisting visceral lesion and not 
by the hernia. During the period from 1926 to 1948, seventy-six patients with 
epigastric hernia were admitted to the Portland Veterans’ Hospital. In this 
series, twenty-four patients came to the hospital not because of the hernia but 
because of upper abdominal pain. The examining physician attributed this pain 
to the hernia; however, a subsequent study or operation showed the painful 
lesion to be intra-abdominal, such as an acute duodenal uleer or an acute 
cholecystitis. 

De Garengeot, in 1748, first described the marked gastrointestinal symptoms 
associated with this hernia. The coexistence of visceral lesions has been sub- 
stantiated through the vears notably by Alessandrini, Poisson, Mandl, and Mon- 
teiro in foreign countries, and by Moscheowitz, Hall, Pemberton, Luke, and 
Peters in this country. 

Epigastric hernia is, by definition, a protrusion of abdominal viscera 
through an opening in the linea alba at any point between the umbilicus and 
xiphoid process of the sternum. This implies the presence of a sac, as demon- 
strated in thirty-six of our forty-eight patients operated upon. <A small pro- 
peritoneal fat tab or portion of the falciform ligament of the liver may wedge 
through one of the interdigitations which marks the white line of fusion of the 
external and internal oblique and transverse abdominal muscles. This small fat 
tab may persist as an interstitial type of hernia in the potential space bounded 
by the transversalis fascia and peritoneum below and the linea alba above (Pol- 
lock). An entering wedge of the round ligament of the liver may form a por- 
tion of the wall of a true sae much after the fashion of a sliding hernia. Omen- 
tum commonly enters the sae as it did in eleven of our patients to become 
adherent to the sac wall. The presence of bowel in the hernia or of strangulation 
is a rarity. 

The incidence of epigastric hernia as stated by various authors, such as 
Watson, Luke, and Peters, is between 1 and 3 per cent of all hernias. 

It is probably a much more common lesion for two very good reasons: It is 
usually symptomless (Gilbride), as in twenty-one patients in our series; and, 
hecause it is small, may not be recognized unless the patient is examined while 
straining or bending backward. 

When a patient enters the hospital complaining of pain in the region of an 
epigastric hernia, it must be determined whether or not the hernia is the cause 
of this pain. The symptoms produced by the hernia are twofold: The sharp 
finger-point lancinating pain on straining, well localized to the hernial ring 
where the filaments of the lower intercostal nerves are impinged; and the deep, 
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boring, aching pain aggravated by eating or bending backward, produced by 
drag on the greater omentum, greater curvature of the stomach, or falciform 
ligament of the liver. Pain is relieved on reduction of the mass, or on lying 
down, aggravated by straining, bending backward, or eating a full meal. Thirty 
of our patients entered the hospital with these symptoms. 

Those patients with vague roentgenologie findings and poor response to 
therapy for suspected biliary or upper gastrointestinal disease should have a 
eareful, detailed examination for epigastric hernia (Moscheowitz). The epi- 
gastric mass may remain hidden beneath the linea alba (Napalkow). 

Of even greater importance are those patients with epigastric hernia and 
uleer syndrome or vague visceral complaints. In these patients, the hernia may 
be discovered incidentally, or the periodie pain may be relieved by food or alkali. 
These patients must have adequate roentgenologie examination before under- 
going surgery for the hernia. <A trial period of medical management may en- 
tirely relieve their symptoms. By this regime, surgery was deemed unnecessary 
in five cases. If these patients come to surgery, the abdomen should be explored 
at the time of repair. This decision should not be altered by negative roentgeno- 
grams. Thus, in six patients with negative preoperative diagnostic studies, 
specific lesions were found on exploration. These were a stellate scar of the 
duodenum, a chronic cholecystitis, a gall bladder adherent to the mesoeolon, two 
acute duodenal ulcers, and one duodenal ulcer perforated against the gall bladder. 

Oceasionally, repair of the hernia was effected without recognizing the intra- 
abdominal lesion. Because of the persistence of pain following surgery, a more 
-areful and detailed study of these patients was made; the true nature of their 
complaints was then readily revealed. One patient (Case 75, see Table I), re- 
turned to the hospital six months after operation with persistent epigastric 
distress. An acute duodenal ulcer was demonstrated on the e@astrointestinal 
series and medical management completely controlled the pain. Another patient 
(Case 18) was found to have a peri-esophageal hernia ten years following a 
negative exploration and epigastric hernial repair. Following the operation for 
hiatal hernia, he experienced immediate and complete symptomatic relief. 

There were four other patients operated upon who returned because of 
severe and persistent upper abdominal pain. One patient (Case 41) developed 
an atrophic gastritis one vear after surgery; another (Case 23) had a gastrie 
hemorrhage two years later; one patient (Case 76) revealed an eventration of 
the left diaphragm with a narrowed pylori¢e antrum four years following surgery, 
and another (Case 22) bled from a penetrating gastric uleer eight vears after 
repair of the hernia. One patient, without previous surgery, died two years 
later of a gastric hemorrhage. 

CONCLUSIONS 

1. In a series of seventy-six patients admitted to the Portland Veterans’ 
Hospital for epigastric hernia, twenty-four showed coexisting upper abdominal 
pathology. 

2. The need for careful preoperative roentgenograms of stomach, gall blad- 


der, and colon is essential. 
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3. Exploration of the abdomen in patients with epigastric hernia and vague 


visceral symptoms is emphasized. 
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A NEW, SAFE, SIMPLE APPARATUS FOR OBTAINING 
NEGATIVE SUCTION FOR THE PATIENT WITH AN 
INDWELLING GASTROINTESTINAL TUBE 


Kk. ALVIN MERENDINO, M.D..* AND JoHN A. PHELAN, MINNEAPOLIS, MINN. 


(From the Department of Surgery and the Scientific Apparatus Shop of the University of 


Minnesota) 


INCE the innovation of suction applied to inlying tubes in the gastrointesti- 
% nal eanal,' a widespread utilization of this principle has resulted with a 
constantly expanding list of indications for its use. Three-bottle nasal suction 
probably has enjoved the greatest popularity in spite of the introduction peri- 
odically of new machines designed to accomplish the same purpose. Most ap- 
paratuses have satisfied many of the necessary requisites for a satisfactory unit. 
However, the disadvantages have been real. These disadvantages have been 
related mainly to (1) the inability to regulate the amount of negative pressure 
and (2) the great number of potential leaks. (In one apphanee there are fifty- 
five potential sources of leak.) Of course, there are other means by which 
negative suction ean be obtained. However, these methods also have disad- 
vantages which negate any potential advantage each may have. The main 
methods available are wall suction and suction created by an electrie motor 
pump. In each instance the amount of suction can be controlled by means of a 
break-over manometer. The disadvantages of these methods are obvious. In 
both types of suction, if constant attention is not paid to the level of the fluid 
in the eatch bottle and it is allowed to become overfilled, or is accidentally 
knocked over, serious damage may be done. In the first instance the negative 
suction system of the hospital may be damaged, which, disregarding the incon- 
venience to the hospital, will result in a considerable expense for the repair of 
the situation. An electrie motor pump similarly is vulnerable to such damage 
and, in addition, is a constant source of annoyance to the maintenance depart- 
ment. 

At the University of Minnesota Hospitals, until recently, three-hottle sue- 
tion has been preferred to the exclusion of all other mechanical appliances for 
the patient with an indwelling tube in the gastrointestinal canal. Three-bottle 
suction has been used because of the advantage of being able to adjust the 
amount of negative pressure, and the inexpensiveness of the materials used. 
This latter ‘‘advantage’’ is implied rather than real. In the experience at the 
University Hospital approximately twenty suction sets are in constant use. In 
order to keep this many three-bottle sets in operation, the reserve of materials 
must be sufficient to assemble forty sets. In spite of this, it is probably true 
that the surgical supply department would have difficulty in assembling twenty- 
five complete sets which would work satisfactorily. The expense of maintenance 
far overshadows the initial cost; bottles are constantly being broken (at the 
University of Minnesota two to three per day at 35 cents each), stoppers wear 


teceived for publication, July 11, 1948. 
*Formerly of the Department of Surgery, University of Minnesota, Minneapolis, Minn. ; 
now Associate Professor of Surgery, University of Washington, Seattle, Wash. 
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out and are inadequate and a source of leakage; in addition, there is the added 
expense associated with the cleaning of the bottles, stoppers, and tubing. In 
investigating the expenditures at this hospital, for only the replacement of 
hottles and the repair and replacement of stoppers excluding the item of tubing 
and the cleaning of the equipment, it was found that the cost to this institution 
in 1945 was $601; in 1946, $734 (for the first three months of this year the ex- 
penditure was $336); and for the first ten months of 1947, $655. This is a 
continual expense. Certainly the importance of this item cannot be under- 
estimated. 

Because of the inconvenience of transporting and storing three-bottle sets, 
the difficulty of maintenance and assemblage of a satisfactory set without leaks, 
the inherent danger to the patient when assembled incorrectly, and the expense 
involved, one of us (J.A.P.) devised an apparatus to be deseribed. This in- 
strument has proved so satisfactory and simple that it is gradually supplanting 
the three-bottle sets in this institution. 


DESCRIPTION OF THE APPARATUS 

The apparatus consists mainly of a hollow tank with a crown top and in- 
verted bottom. This steel cylinder measures 15°34 inehes in diameter by 24 
inches in height. It is made of 14 gauge steel of welded construction through- 
out. It is supported by four Faultless casters with a load rating of 200 pounds. 
The tank itself weighs approximately 40 pounds. Secured in the crown top is 
a suitable handle for moving the piece, a negative pressure gauge graduated 
in inches of mereury, and a single orifice needle valve. On the side opposite 
from the handle and recessed into the cylinder is a hand pump. <A machine- 
surfaced flange fastens the complete pump into the crown by means of seven 
machine screws. The parts of the pump are chosen with extreme care in order 
to embody long life and to insure a freedom from maintenance and repair. The 
pump eylinder is a heavy walled brass tube. The check valve at the bottom of 
the pump eylinder is made of oilproof neoprene. The pump leather has been 
specially designed. It is fastened in such a manner to the bottom of the pump 
rod, that it never can become loose or unscrewed. The complete pump assembly 
ean be readily removed in case attention is necessary. In the event of an 
inadvertent overflow of the aspirated material into the tank, because of a fail- 
ure to empty the eatch bottle, the removal of the pump assembly affords an 
adequate 2 inch opening for washing and emptying the interior of the cylinder. 
Between the handle and the pump in the center of the crown is the negative 
pressure gauge. In juxtaposition to this gauge is a conduit to which is con- 
nected the rubber tubing which connects to the catch bottle and then to the pa- 
tient. <All fittings are constructed of satin chrome plated brass. The steel tank 
is bonderized (rust proofed) inside and out. The synthetie lacquer finish 
(hammered aluminum) is baked for reasons of durability (Fig. 1). 

PRINCIPLES INVOLVED 
With the needle valve closed about twenty-five to thirty light, slow strokes 


of the pump handle will evacuate the steel tank and the gauge will then show 
approximately five inches of negative mercury pressure. After the nasal tube 
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is connected to the eatch bottle, the needle valve is opened. The drainage bottle 





is immediately evacuated as well as the nasal tube. The suction to the drainage 
bottle and thence to the patient is never interrupted, even while evacuating the 
tank. Considering the steel tank as a reservoir of negative pressure, the same 
having been built up by twenty to thirty strokes of the pump, this quantity is 
: sufficient to drain approximately four gallons of liquid and/or air from the 
‘ patient. Consequently, it is necessary to change the gallon drainage bottle 








periodically. Ordinarily, this lasts the average patient twenty-four to thirty 
hours. 

















Fig. 1.—A photograph of the suction apparatus in use. A model now is available which 
is lower and may be placed under the bed thereby allowing additional room and increasing 
the accessibility to the patient. 


ADVANTAGES 





To the Patient—The keynote of the advantage to the patient is safety. 
This device is foolproof. Because of the construction of the machine, it is im- 
possible to create a positive pressure, therefore avoiding the danger of insufflat- 
ing the stomach with air. In addition, because of the absence of water in the 
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suction system, the danger of flooding the patient is obviated also. The 
amount of suction can be varied and in no instance after the initial pressure 
is established can the negative pressure be excessive, as the supply of negative 
suction decreases as the apparatus functions. 

To the Nurses.—The bedside care of the appliance is negligible. The con- 
trol pressure in the tank (usually five inches of negative pressure) is easily 
established by thirty exeursions of the pump incorporated in the apparatus; the 
replenishment of negative pressure is equally simple. Because of the simplicity 
of the machine, valuable time is saved with regard to nursing care. The time 
saved may be used to advantage in the care of the patient involved or of other 
patients. The tank occupies minimal space, and in this manner allows easy 
accessibility to the patient. 

To the Institution —The machine is easily portable and occupies a mini- 
mum of space. It may serve a number of patients at one time utilizing in- 
dividual drainage bottles. The expense of maintenance, replacement, washing, 
and the storage of bottles and tube as is necessary with three-bottle sets is 
practically nonexistent. The saving in the cost of maintenance, nursing care, 
and repairs with this appliance far outweighs any advantages of the three-bottle 
suction sets or electrical contrivances. 

Mechancal Advantages.—The simplicity of the apparatus is apparent. The 
maintenance of pieces is limited to three as compared to fifty-five in certain other 
machines. Regarding the matter of replacements, standard parts are used 
which may be obtained at any automobile accessory shop, and ean be inserted 
easily and rapidly at a reasonable expense. If the collection bottle interposed 
between the patient and the tank overflows into the tank, by simply removing 
the pump assembly one gains access to the interior of the cylinder. Through 
this 2 inch aperture the inside of the eylinder may be irrigated, cleansed, and 
emptied. The freedom from electrical controls makes the apparatus applicable 
in either the hospital, home, or office. The potential sources of leak are re- 
dueed to a minimum. 

SUMMARY 


A new apparatus for obtaining negative suction, applicable to the patient 
with an indwelline gastrointestinal tube, has been deseribed. Certain advan- 
tages of this device have been pointed out as well as the disadvantages of other 
machines. 

The outstanding features of this apparatus relate themselves to safety, 
simplicity of operation, the marked reduction of the potential sources of leakage, 
the lack of expense incident to maintenance and replacement of parts, freedom 
from electrical connections or sensitive controls, portability, and adaptability 
to the hospital, home, or office. 
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A MODIFIED SYNTHETIC PREDIGESTED ALIMENT FOR 
PROTRACTED JEJUNOSTOMY FEEDING 


KRANKLIN HOLLANDER, PH.D., AND HERBERT A. SOBER, PH.D., NEw York, N. Y. 


(From the Gastroenterology Research Laboratory, The Mount Sinai Hospital) 


N A historical review of the literature from 1858 to 1944, Rosenak and 
| Hollander? discussed various feeding mixtures which have been employed 
for jejunal alimentation, as well as the numerous clinical conditions in which 
this surgical jejunostomy was used. Since 1858, when the first instance of 
jejunal alimentation was recorded, the character of the feeding material used 
for this purpose has undergone change from natural foodstuffs, such as the 
meat-eggs-meat-broth diet of Buseh,* to a synthetic mixture of the nutritional 
essentials in relatively simple form. In general, the feeding of these mixtures 
frequently resulted in nausea, vomiting, cramps, and diarrhea. These dis- 
turbances were discussed by Hollander, Rosenak, and Colp in 1945* in a re- 
port describing a preparation which was designed to avoid such complications. 
When not referable to the postoperative state, these untoward reactions can 
he attributed to one or more of the following factors: (1) particular com- 
ponents of the feeding mixture, for example, high fat content, glutamic 
acid, irritant substanees, ete.; (2) a high rate of administration, greater than 
the patient’s tolerance; (3) excessive osmotic pressure; (4) extremes of pH. 
The success of the aliment devised in this laboratory was aseribed particularly 
to the control of these factors. 

However, this nutritive preparation was originally designed for short- 
term feeding only, either pre- or postoperatively. Sinee its introduction at 
this hospital, the demand for the aliment has increased extensively; it has 
been employed in a variety of conditions in young children as well as adults. 
It has been found particularly useful in conditions where it was required to 
supply all or most of the patient’s nutrition for prolonged periods. Among 
these were included cases of anorexia nervosa requiring tube feeding by 
mouth, cicatricial stenosis of the esophagus with gastrostomy, and jejunos- 
tomy for gastrointestinal obstruction. However, since the original aliment 
contained only the major vitamins, it was considered inadequate for such 
prolonged feeding. In addition, some difficulty was encountered in supply- 
ing the material to the patient, because of the large quantities of the aliment 
which had to be prepared fresh and sterilized every day. When a part of 
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the day’s supply was lost by contamination or by aecident, or there was an 
unexpected call for aliment for a new patient, either a second bateh had to 
be prepared immediately—a time-consuming procedure—or a patient was de- 
prived of his feeding for that day. In order to obviate such difficulties and to 
insure that the aliment would be nutritionally adequate for long-term admin- 
istration, the formula has been modified in some of its details. Also, a simpli- 
fied preparation technique was devised, whereby a large supply could be made 
at one time and kept for two or more weeks without significant loss of vitamin 
potency or increase in bacterial count. 

The modified preparation has been formulated so that 2,000 Calories 


(2 liters) will supply the following :* 


(1) All the essential amino acids, in quantities sufficient for growth 
and repair of tissue. 
(2) Fat to supply the essential fatty acids, in quantities great enough 


to furnish some of the calories in a nonearbohydrate form (and 
thus avoid excessive osmotie pressure) and yet not induce in- 
testinal motor disturbances. 

(5) Carbohydrate sufficient to replace depleted glycogen stores, spare 
protein, make up the residual calorie requirement, and yet avoid 
fermentation and diarrhea. 

(4) An adequate supply of the minor vitamins in addition to the six 
major vitamins for which recommendations were made by the 
National Research Council Committee on Foods and Nutrition 
in 1945. 

(5) All essential minerals, in amounts suggested by the National 
Research Council recommendations and a survey of 150 Ameri- 
can dietaries reported by Sherman in 1941,’ with sufficient NaC] 
to restore and maintain adequate water and electrolyte balance. 

(6) Water, in quantity designed to maintain the osmotie pressure 
within reasonable limits, and to dilute the aliment so that it 
flows readily through the drip apparatus. 


If 2,000 Calories be adopted as a basal requirement, 2 liters of the aliment 
will supply the various nutritional components in amounts necessary for 
these minimum specifications (Table 1). The aliment is prepared in 500 Cal- 
orie units, of 500 ¢.c. total volume each, so that the caloric density is 1 Calorie 
per milliliter. Twenty-five per cent of the calories are derived from protein, 
15 per cent from fat, and 60 per cent from carbohydrate; each unit contains 
at least one-half of the daily vitamin requirement recommended by the 
National Research Couneil in 1945. The vitamin D content is sufficient for 
adults but must be supplemented independently for children. Hence, a patient 
heing fed 2 liters of this mixture per day would receive twice the NRC recom- 
mendation of vitamins, and a patient receiving only 1 liter would still be 
assured of the minimum. 


*For a detailed analysis of the considerations which led to the quantitative composition 
of this preparation, see the paper by Hollander, Rosenak, and Colp.? 
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| TABLE I, COMPOSITION OF 2,000 CALORIES (2 LITERS) OF ALIMENT ‘* MSH 

| 

i Protein (900 Calories 125 Gm. 

Carbohydrate 1,200 Calories 300 Gm. 
Fat (300 Calories 33.4 Gm. 
Vitamin A 12,240 is 
Vitamin D 204 OP 
Mixed tocopherols 100 mp. 
Ascorbie acid 200 me. 

4 Thiamine 10.5 mg. 
Riboflay nN 20 mo. 
Nicotinamide 50 mo. 

i Pyridoxine 3 mg. 
Liver (whole, desiccated 20 Gm. 
NaCl 10 Gm. 
Potassium 1.16 Gm. 
Phosphorus 2.10 Gin. 
Caleium 1.48 Gm. 
Magnesium 0.35 Gm. 
[ron 0.03 Gm. 
Manganese 0.008 Gm. 
Copper 0.002 Gm. 
lodine 0.0003 Gm, 
Water 1,700 ml. 


The aliment is made up in 3 separate parts, each of which is prepared in 


bulk but bottled in unit containers for storage. These 3 parts are (1) a dry 


mixture, containing the protein, carbohydrate, salts, liver, and ascorbie acid, 


which is sterilized after being packaged (bottle A); (2) an aqueous fat emul- 


sion, containing the fat component and the fat-soluble vitamins ineluding A, 
D, and E (tube B); and (3) the 
tube C 


water-soluble vitamins—vitamin B complex 


TABLE IT. COMPOSITION OF THE Dry MIXTURE 








No. of package units l oO) 
Calories DOO P5000 
Lactamin Gm. 37 1,850 
Dexin (Gm. 7D 3,750 
Whole liver substance (Gm, 5 250 
Ascorbie acid (Gm. 0.05 2.0 
Salt mixture, MSH 47 (Gm. 0.4 270 
Total weight of mixture (Gm. 122.45 6,122.5 





The dry mixture (bottle 


dextrin-maltose 


A) consists of protein hydrolysate (Lactamin*), 


whole ascorbie acid 


MSH 47 
If. This mixture is packaged in units of 500 Calories each, but it is prepared 


mixture (Dexint) liver substances, 


powder, and a special salt mixture , in quantities indicated in Table 
in bulk sufficient to make 50 or 100 such units—in which case the several com- 
ponents are taken in proportionate amounts. The salt mixture is usually 
prepared in kilogram batches. Its composition, shown in Table IIT, is sueh 
as to vield the quantity of minerals indicated in Table I, if the salt content 
of the other components of the aliment is also considered. The required 


amounts of the dry materials are weighed into a large covered container and 
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TABLE IIT. COMPOSITION OF SALT MIXTURE (MSH 47) (GRAMS PER KILOGRAM 


NaCl $45 
K.HPO, 126 
MgsSO,:7H,O 126 
FeSO,:7H.O 5 
CuSO,:5H.O 0.15 
KI 0.02 


mixed thoroughly. If a suitable mechanical device is not available, the ma- 
terial may be mixed in a ean by shaking, rolling, inverting, ete., until it is 
well blended. One hundred twenty-three grams of the dry mixture are 
weighed into a clean, dry, quart milk bottle. Each bottle is closed with a 
dated bottle cap and a tie seal is made with a dated souffle cup. The sealed 
bottle is then kept in a steam sterilizer (not an autoclave) at atmospheric 
pressure and 212° I*. for 20 minutes. After cooling, these bottles are stored 
in a refrigerator until needed. Bottles of the dry mixture, with seals un- 
broken, have been kept for almost a month without any significant increase 
in baeterial count. Bacterial growth, if observed at the time of actual feed- 
ing of the aliment, may be aseribed to contamination during the addition of 
the fluid components to the dry powder in bottle A. 

The fat-water emulsion (tube B) has the composition shown in Table LV. 
Usually one liter is made at a time, and this is divided into units of 17 ml. 
each—enough to supply the amount of fat-soluble vitamins and fat ealories 
requisite for a single 500 Calorie unit of aliment. The tocopherols and halibut 
liver oil are added to the corn oil, and the solution is mixed intimately with 
the acacia in a large mortar. About one-half of the water is then ground with 
this liquid until the whole is uniformly dispersed, after which the remainder 
of the water is added slowly with constant grinding. At this stage, the emul- 
sion will separate but it can easily be resuspended by shaking. However, after 
being put through a hand homogenizer mill it becomes sufficiently stable for 
all subsequent purposes. The emulsion is measured into test tubes (17 ml. to 
the tube), capped, and stored in the refrigerator. Assays for vitamin A in 
four such preparations, with and without mechanical homogenization, re- 


vealed no significant loss of poteney for four weeks following their prepara- 


tion.™ 
TABLE LV. COMPOSITION OF THE FAT-WATER EMULSION 

Corn oil 500 ml. 
Halibut liver oil (vitamins A and D 3.5 ml. 
Mixed tocopherols (vitamin 1.5 Gm. 
Acacia 125° Gm; 
Water 500 mil. 

*One package unit of ailment (500 Calories) contains 17 ml. of this emulsion. 


Water-soluble vitamins (tube ©) may be supphed by any suitable com 
mercial preparation. We have found it convenient to use Blexin (1.V.C.)4 
supplemented with nicotinie acid (75 me. per 100 ml.). Knough of the water 
soluble vitamins for one 500 Calorie unit of the aliment (except for vitamin C, 

*These vitamin A assays were kindly performed for us by Dr. Susan Kann, using the 


method of Bessey and co-workers.! 
yInternational Vitamin Division, American Home Lroducts Corp., New York, N. Y. 
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which is included in bottle A) is contained in 12.5 ml. of this Blexin-nicotin- 
amide mixture. Ilence, the latter is prepared in bulk, but stored in small test 
tubes, each of which contains this volume of the mixture. If it is so desired, 
particularly for purposes of controlled investigation, the Blexin-nicotinamide 
mixture and the whole liver substance may be replaced by a capsule containing 
a mixture of the crystalline vitamins (Table V). When this alternative pro- 
cedure is employed, a small additional amount of Dexin (6 Gm. per 500 Calorie 
unit) is added to the dry mixture as an isocalori¢e substitute for the liver prepa- 
ration; also sinee the ascorbic acid is contained in the capsule it is omitted from 
bottle A. The constituents of the vitamin mixture are blended in a mortar and 
put in capsules (No. 00). One capsule, containing 0.8 Gm., is used for each 
200 Calorie bottle of aliment. 


TABLE V. COMPOSITION OF THE CRYSTALLINE VITAMIN MIXTURE (WEIGHTS IN GRAMS FOR 
1000 CAPSULES 


Thiamine 0.9 
Ascorbie acid 50.0 
Riboflavin 1.25 
Pyridoxine 0.75 
Nicotinamide QO.) 
Biotin 0.07 
Calcium pantothenate 5.5 
Pteroylglutamic acid 0.63 
p-Aminobenzoic acid 15.0 
Choline 100.0 
Inositol 500.0 
Lactose 116.9 
Total weight S000 


*One package unit of aliment (500 Calories) contains 0.8 Gm. or 1 capsule of this 
mixture. 





Preparation of the Fluid Aliment.—t!n order to prepare one 500 Calorie 
unit of the feeding mixture with a calorie concentration of 1 Calorie per milli- 
liter, 425 ml. of warm sterile water are added with aseptic technique to bottle 
A, containing the dry mixture. The bottle is well shaken until all the dry 
material is in solution. Then, one unit each of the fat emulsion (tube B) and 
the water-soluble vitamins (tube © or the contents of one capsule) are added. 
The mixture is shaken vigorously and poured into the reservoir of the drip 
or other dispensing apparatus, making certain that the preparation is no 
colder than room temperature. For convenience in storage in the refrigerator 
and delivery to the patient’s room, the two test tubes (B and (C) are taped 
to the bottle of dry mixture so that they can be handled as a unit. 








PRECAUTIONS IN THE ADMINISTRATION OF THE ALIMENT 





5 


and the contents of bottle A are hygroscopic, this bottle must be adequately 


Since the aliment is an excellent culture medium for bacteria when wet, 


sealed and sterilized after preparation; also, it should be stored in a cool dry 
place. The aqueous fat emulsion (tube B) must be kept in a refrigerator, 
in order to prevent oxidation of the fats and the vitamin A. The water- 
soluble vitamin mixture (tube ©) need only be kept cool. All equipment 
employed for preparation and administration of this material must be cleaned 
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thoroughly and dried after each use. Furthermore, the drip apparatus used 
for feeding the aliment must be sterilized, and actual administration conducted 
with regard for the principles of asepsis. When the sterile water, vitamins, 
and oil emulsion are added with ordinary care (without flaming of bottles 
the final mixture may be kept at room temperature for at least four hours 
without significant bacterial growth. 

2. The mixture must never be introduced into the small intestine when 
cold. Warming the aliment to body temperature in a water bath before it is 
placed in the drip reservoir will obviate this possibility. 

3. In order to insure the absence of nausea, vomiting, ete., particular 
care must be taken to avoid an excessive rate of administration of the aliment. 
If the feedings are started within the first few days after operation, the initial 
rate must not exceed 50 ml. per hour.* Thereafter, it may be increased gradu- 
ally, in aecordance with the patient’s tolerance, until a maximum of 150 to 
200 ml. per hour is reached—usually about one week later. Under no cir- 
cumstances should the early convalescent patient be given the feedings faster 
than 200 ml. per hour. In patients with a permanent or semipermanent je- 
junostomy, however, the rate may be increased gradually to a value consider- 
ably greater than this; the limit can be established only by the individual’s 
tolerance 

4. For routine feedings of hospitalized patients, the total daily intake 
should be at least 2,000 ml., and preferably 2,500 ml. In some cases, the total 
may be inereased still further. Of course, it is necessarily very much less 
during the first few days after operation. The total daily quantity at the 
higher levels of intake may be distributed into several feedings of 500 Calories 
each (500 ml.), with convenient rest periods between. If less than 500 ml. are 
used for any one feeding, only the requisite amount should be put into the 
drip apparatus, and the remainder refrigerated until needed. 

). Administration during any one feeding should be continuous and at 
a reasonably steady rate. In order to control the rate of flow, we have used 
a gravity drip apparatus which is equipped with an adjustable needle valve 
at the air inlet.’ Attached to the underside of this valve is a Mariotte tube, 
so that the mixture in the reservoir is gently and continuously agitated by a 
stream of air bubbles. The Wyeth intragastrie drip apparatus has been found 
particularly useful for this purpose when the Mariotte tube is used. For com- 
plete mechanical control of the rate, such as was required in an investigation 
of long duration to be described later, we have used a special pump.t For a 
deseription of this pump see the Addendum. 

6. Before the drip apparatus is connected to the jejunostomy tube, the latter 
should be flushed with sterile water from a syringe to make sure that it is 
patent. However, plugging of the tube with the aliment can be obviated if 


*A radiographic study on jejunostomy patients of the rate of transport of the aliment 
away from the stoma has demonstrated that intestinal movement is sufficiently rapid one to 
two days following operation to permit of such early jejunal feedings with impunity.® This 
has been possible without deleterious consequences, even in the presence of an uppper abdominal 
peritonitis, provided all of the usual precautions are taken 

*Manufactured by the Marsh Precision Pump Company. Pittsburgh, Pa., and improved in 
collaboration with us. The authors are indebted to Mr. Jack C. Marsh for the use of this 
Pump and for his cooperation in adapting it to the requirements of this study. 
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it is flushed immediately after each feeding. Ot course, all air must be driven 
out of the connecting tubing of the drip apparatus before it is attached to the 
Jejunostomy tube. 

7. For orogastric feeding (for example, through a Levin tube) or for 
administration by gastrostomy, all these precautions should be taken—ex 
cept that the rate may be increased considerably if desired. 

8. The total water intake of an adult should ordinarily be 5 to 4 liters 
per day. Additional amounts of water over that afforded by the aliment may 
be given by means of the same drip apparatus between regular feedings; the 
rate may be greater than that for the aliment itself. Likewise, if the patient 
manifests any signs of a vitamin or mineral deficiency, therapeutic doses 
should be administered between regular feedings. 

9. Successful use of this feeding mixture in the alimentation of patients 
with gastrointestinal fistula depends on the careful observance of the fore- 
going precautions. Disturbing symptoms usually result only from a failure 
in respect to these safeguards, and disappe ar when the proper technique iS 
used. On the other hand, motor disturbances of the small intestine may be a 
consequence also ot the patient’s postoperative condition, since they are en- 
countered after practically every type of major abdominal operation. When 
the latter is the case, the cramps, diarrhea, ete., persist even when the aliment 
is replaced by isotonic saline, or when intrajejunal drip is discontinued en- 
tirely. Under these conditions, tubal feeding may be continued at a slow rate 


in spite of the patient ’s distress. 


A CONTROLLED STUDY OF THE NUTRITIVE EFFICACY OF THE ALIMENT* 


F. Z., male, aged 17 years at the time of this last operation, was under observation in 
this hospital for almost two years with cardiospasm unrelieved by surgery. Because of the 
continued inability of orally ingested food to reach the stomach, a jejunostomy for alimenta 
tion was performed. Following this, for a period of twenty months, the subject was main 
tained almost exclusively on the aliment described in this paper. During this time a study 
was being made of the influence of the jejunal intake of various nutritional factors on his 
voluntary food intake by mouth. Such a study was possible because the patient manifested 
a decided desire for ordinary foods by mouth, in spite of almost immediate and complete 
regurgitation from the esophagus. Repeated fluoroscopic study revealed that at most there 
was only a slow trickle of fluid into the stomach, and that solid food was excluded com 
pletely. Since the subject was ambulatory, he was transferred to the laboratory for controlled 
study during the day. He returned to his home at night, for week-ends, and even for a 


+ 


summer vacation of two weeks’ duration. During such intervals, he was supplied with the 
requisite number of units of the aliment, which was stored at home and was self-administered 
according to instructions. 

Usually, a patient in the immediate postoperative state never receives the aliment at 
a rate in excess of 200 ml. per hour. By the time this patient came under controlled ob 
servation, however (ten months after the jejunostomy operation and four months after a 
subsequent exploratory operation), the intestinal traet had developed a considerable tolerance 
to che jejunostomy feedings, and it was possible to start at a rate of 300 ml. per hour. 


At his own request this was gradually increased to a value about 700 ml. per hour, at which 















*The two patients referred to in this section came from the surgical service of Dr. Harold 
Neuhof and the medical service of Dr. George Baehr, respectively. The authors acknowledge 
permission to study these cases. 
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evel if was maintained routinely thereafter. Under such conditions, bowel movements were 
egular (once or twice a day) and the stools were generally well formed. On occasion, the 
ite was increased considerably above this level (as high as 2 liters per hour for a single 
eeding) for a short interval, but this sometimes resulted in abdominal discomfort, slight 


iusea, headache, and a diffuse feeling of warmth. 
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Fig, 1.—Weight and calorie intake curves showing maintenance on aliment MSH 47 alone. 
Patient F. Z., cardiospasm and jejunostomy 


At a caloric intake of about 3,000 Calories per day, during a period of increasing body 

I j S | : 
weight, about 90 per cent of the nitrogen content of the aliment was absorbed. It is note 
worthy, also, that the final concentration of the feeding mixture could be increased to 1.25 


‘alories per milliliter without causing any discomfort to this patient. 


\ detailed report of studies on this patient will be published later. For present pur 


poses, however, we are concerned only with his improvement in body weight in response to 


ejunal feeding with this synthetic predigested aliment (see Fig. 1). At the beginning of 
the feeding with this preparation, shortly after the jejunostomy operation, his weight was ap- 
proximately 70 pounds. From then until the beginning of the present study, it improved as 
ong as he was maintained on the aliment in the hospital, but when he returned home and 
lomestic feeding preparations were employed, the weight regressed characteristically. At 
the time of transfer to the laboratory for controlled study, his weight was 8] pounds. During 
the first forty weeks, no nutritionally significant changes in the character of the diet were 
ntroduced and his weight increased to a peak value of 116 pounds. Thereafter, experimental 
modifications in the diet were instituted, so that subsequent variations in body weight are not 


ertinent here. 




















SURGERY 


S. L., female, aged 20 years, was a regular ward patient. The weight response of this 
patient with anorexia nervosa, who received the aliment for more than one month, is shown 
in Fig. 2. Weight prior to onset of symptoms was approximately 135 pounds. However, o1 
admission her weight was 69 pounds and there was a marked nutritional edema. This girl’s 
voluntary food intake failed to improve on oral feedings during the first three weeks of hos 
pitalization, in spite of the usual therapies. At the end of this period, an indwelling nasal 
tube was passed into the stomach, and she was given varying amounts of the aliment by 
this route. Daily caloric intake of the aliment varied between 500 and 2,000 Calories. Only 
after this supplementation of oral intake with the aliment was initiated was a weight gain 
observed—from about 66 to 99 pounds. Concomitantly, voluntary oral intake increased and 
it became possible to initiate psychotherapy. The patient was discharged on the fifty-second 


day, at which time weight was 98 pounds. 
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Fig. 2. Weight and caloric intake curves showing voluntary food consumption supplemented 
by aliment MSH 47 via orogastric tube. Patient S. L.. anorexia nervosa. 


ADDENDUM 


The action of the Marsh Precision Pump depends on the milking of the 


) 


fluid through a rubber tubing (No. 4 in the schematie diagram, Fig. 3) by 
three fingers (No. 1, 2,5) which compress the tube alternately. In this way, 
sterile material ean be delivered to the patient with no risk of its contamina- 
tion by the pump. Furthermore, the device is so constructed that it can con 
trol not only the rate of flow, but the pressure of delivery as well. 

The diagram shows the relative positions of the three fingers at the begin- 
ning of a stroke, with No. 1 and 2 completely compressing the rubber tubing. 


These fingers are operated by cams driven through a gear train by an electric 
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motor. As the cams rotate, finger No. 2 moves upward and releases the tubing 
which then expands. This draws the fluid from the reservoir of the drip ap- 
paratus into the tubing as far as the outlet closed by No. 1. Finger No. 3 now 
idvanees, closes the inlet of the tubing, and remains in this position until 
No. 1 has been drawn upward to open the outlet. Following this movement, 
No. 2 (which is proportioned so that five drops are driven over) advances to 
foree the quid forward under No. 1. The latter then closes the outlet and 
No. 2 also descends, while No. 3 rises in preparation for the next stroke. Since 
at least one of the fingers is always in the down position, the tubing is closed 
at all times. 


VIME 
CONTROL 








PRESS VME 
CONTROL 


Swsre 














PRESSVYRE PLATE 


Fig. 3.—Marsh precision pump, schematic diagram (Model S—Pat. 2351828). 


At no time does the fluid come in contact with moving parts, such as 
valves or pistons. In addition to maintaining sterility, this obviates both 
corrosion and clogging of the pump itself. The short length of rubber tubing 
may be sterilized before use and discarded after treatment if that seems de- 
sirable. 

Kor the purpose of regulating the delivery rate, so that it can be ad 
justed accurately to the requirements of the patient, variable speed motors 
and gear transmissions were found to be unnecessarily complex. Instead, an 
electronic timer was developed, which allows the pump to deliver a single 
stroke (5 drops) and then stop fora time. This ‘‘wait’’ can be adjusted from 


less than 1 second to more than 60 seconds, before the next stroke is made. 
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Thus, the average delivery rate of the pump is easily fixed by setting a pointe: 
ona calibrated seale. 

Delivery pressure is controlled by a three-ineh diaphragm in a sealer 
system, through which the fluid passes (not shown in the diagram). The 
diaphragm and face cover are constructed so that they can be dismantled 
and easily removed from the system for sterilization by autoclaving. The 
pressure gauge and the manual adjuster for setting the pressure, however, ck 
not come in contact with the sterile fluid at any time. Such adjustments are 
effected by a mechanical connection at the back of the diaphragm. An auto 
matie switch is incorporated into this control, so that the motor is auto 
matically shut off whenever the desired pressure is reached, and 1s started 
again only after the pressure has been relieved. The gauge is of a standard 
type, calibrated in inches of water; it is placed so that its face indicates clearly 
the pressure at which the aliment or other drip fluid is being delivered 

The entire pump is housed compactly under a plastic cover 6 by Tl. by 9 
inches, which is provided with a handle. Its relatively light weight makes it 
easily transportable. 


SUMMARY 


This report describes a modification of the synthetic nutritive mixture, 
devised in this laboratory several vears ago for the feeding of patients with 
jejunostomy. The original aliment was designed to supply all the nutritiona 
elements required to maintain surgical patients for two or three weeks, eithe: 
prior or subsequent to other major surgery of the digestive tract. Salivary 
and frequently gastric digestion are completely eliminated in such cases, as a 
result of a high obstruction, and pancreatic digestion is considerably reduced 
by reason of the level of the small bowel at which the feedines are admin 
istered. Hence, this svnthetic foodstuff is prepared in a predigested state, by 
the use oi partially hydrolyzed protein and carbohydrate. The fat content 
is kept very low. The major part of the carbohydrate is in the form of dex 
trins rather than disaccharides; monosaccharides are virtually absent. As 
a result of these restrictions, and also because of a suitable dilution with 
water, administration of this aliment does not induce the motor disturbances 

for example, cramps, vomiting, and diarrhea) which are commonly associated 
with jejunal feedings of natural foodstuffs provided the rate of administra 
tion is suitably controlled, and adequate attention is given to maintenanee ot 
sterility. When such disturbances do oceur, in spite of these precautions, they 
usually persist even when isotonic salt solution is the sole article of jejunal 
diet. This demonstrates that the excessive motor activity is not caused I 


the feeding mixture but is a consequence of the surgery itself, and often fol 


lows major abdominal operations. The NaCl content of the aliment is some 
what higher than is ordinarily necessary, but this was designed in order to 
restore and maintain water and electrolyte balanee in patients With gastro 
intestinal obstruction. 

The present modification of this Jejunostomy aliment follows the genera 


pattern of the earher form, but has the following additional advantages: 
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I. Its nutritional quality, particularly in regard to the more re 
cently discovered vitamins, has been ereatly improved 30 that the 
preparation can be used as a sole source of nutrition for long periods 
of time (for example, in patients with permanent or semipermanent 
jejunostomy or gastrostomy 

The mode of preparation has been changed so that large 
amounts «an be prepared at one time and packaged in 500 Calorie 
units, thus making it possible to keep an adequate supply on hand 
at all times. 

do. The material can be kept for at least four weeks without bae 
terial growth or significant loss of vitamin poteney, provided the con- 
tainers are not opened until required for use. 

t. The aliment can now be supplied for self-administration at 


home. 


This jejunostomy aliment has found many uses in other than patients 
with jejunostomies, for example, those with gastrostomies, those requiring 
rogastrie tube feeding, ete. At the diseretion of the physician, the total 
‘alorie concentration as well as the content of vitamins and protein hy- 
drolysate ean easily be varied, although the latter is considered to be about 
optimal for most purposes. Stocks of the salt mixture, vitamin mixture, and 
fat emulsion are prepared in the pharmacy, but the complete aliment is made 
up in the diet kitchen. A special pump is deseribed for use in situations re- 


of administra 


quiring complete mechanical control of the pressure and rate 
tion, 

The efficacy of this diet for long-range feeding is demonstrated by a re 
port on a patient with ecardiospasm unrelieved by surgery, who has a jejunos- 
tomy for feeding purposes. This individual was maintained on the aliment 
as a sole souree of nutrition for more than one and one-half years, during 
which time his body weight increased from a low of 71 pounds to a maximum 


of 116 pounds. Nitrogen balance studies revealed about 90 per cent efficiencs 


nh absorption of the protein hydrolysate, which may be ascribed to the pre 
digested character of the preparation. The successful use of this aliment for 
orogastrie feeding in a patient with anorexia nervosa is also reported. 
The authors wish to acknowledge their obligations to the following companies for thei 
nerous supply of materials used in this work: Merek and Company, Ine., for Biotin; 
Distillation Produets, Ine., for the mixed tocopherol concentrate; Wyeth, Incorporated, for 
e protein hydrolysate, Lactamin ; Wilson Laboratories for whole liver substance; and 
lerle Laboratories Division, American Cyanimid Company for inositol and pteroylglutamic 
L ( Folvite 
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EXCISION OF SMALL TUMORS OF THE SKIN OF THE FACE WITH 
SPECIAL REFERENCE TO THE WRINKLE LINES 


(CORNELIUS J. KRAISSL, M.D., AND HERBERT CoNWay, M.D. 
New York, N. Y. 


(From the Plastic Surge ry Section, Ve te rans Administration Hospital, Brony, N. } re 


hag thought has been elven to the adequacy of removal of a lesion on 
the face, the next most important consideration is the selection of appropri 
ate lines for excision so that the ultimate sear will not interfere with function 
and will be as inconspicuous as possible. For almost ninety years surgeons 
have been referring to Langer’s lines as the most appropriate for the direction 
of incisions on the body. However, experience in surgery of the face leads 
| inevitably to the conclusion that these are not the most suitable. It is the pur 


pose of this paper to deseribe the formation of normal wrinkles, to point out 


ful refinements in surgical technique. 





how they guide one in planning surgery on the face, and to outline some use 
i 


LANGER’S LINES 


| 

| Historically, Langer’s lines are of considerable interest. The original 

| article deseribing them appears in the proceedings of the Society for Natural 

| History of Vienna in 1861. In this paper, Langer! referred to an observation 
made by Dupuytren that, in a case of suicide, the round holes in the skin 
made by an ice pick were drawn into ovals. The fact that there are lines of 
tension in the skin therefore was recognized in the earliest days of modern 


surgery. Langer’s observations were based on post-mortem studies. The 





| cadavers were those of patients who had died during early adult life and also 
| during the advanced age decades. Cutaneous punctures were made by the 
introduction of an awl (2 mm. in diameter) to a point of 2.5 em. below the 
surface of the skin. His determinations were made on skin in a statie con 
dition and his hypothesis was that the elliptical distortion of the puncture 
wounds was produced by the tension of minute rhomboids of connective tissue 
fibers in the skin. These rhomboids are presumed to be always present in un 
broken skin and are arranged somewhat like geodetic lines on the earth’s 
surface. Doubt was cast on the suitability of incisions following Langer’s 
lines for the most satistactory healing of abdominal wounds by one of us,? who 
observed that sears of oblique incisions over the lower abdomen became wider 
in their lower portions. It was pointed out that the lines of elasticity of the 
skin run transversely in the suprapubic region rather than obliquely vertical 
as described by Langer. The suggestiot. was made that the physiologic elas 


ticity of the various surface regions may be different in the living subject. 
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This discussion will be limited to the face, although Langer’s illustrations 
ow the lines of tension over the entire surface of the body. Fig. 1 is a re 
oduction of Langer’s original plate of the side of the face showing how the 

sinetures develop into ovals. Lines have been drawn lightly through their 
ng axes. The triangular areas represent points at which the projected lines 
ieet from three directions. These lines are reproduced in many publications 
on surgery** with present-day surgeons commenting that ‘‘incisions closed 


parallel to these lines will he less likely to Gause wide SCars than those ACTOSS 





‘ig, 1.—Reproduction of Langer’s original diagram of the face indicating how he arrived at the 
lines of skin tension. (From Langer,! 1861.) 


them’’* and ‘‘ineisions made along these cleavage lines will afford good ex- 
posure and result in minimum searring as wound edges fall naturally into 
advantageous positions, thus reducing tension on wound margins and stress 
on sutures.’” If one considers Fig. 2 whieh has been reproduced from 
Kirschner and Shubert’s Surgery,’ it is at once evident that there are areas 
Where one would rarely make an elective incision following Langer’s lines. 
(he most conspicuous of these areas are in the supraorbital region, on the 
side of the nose, in the lateral ocular region, lateral to the angle of the mouth, 
m the upper lip, on the lower, outer aspect of the chin, and in the malar 


region. 
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NORMAL WRINKLE LINES 

What then are the ideal lines for planned surgery on the tace! If on 
observes Figs. 5 and 4 the answer becomes apparent. These illustrations wer 
produced by photographine an old man. This subject was selected because the 
facial skin was especially loose. Photographs were taken in repose and after 

} contracting the muscles of facial expression. These photographs were the 


compared with other subjects and a composite sketch was made by the medica! 
artist. The illustrations exaggerate the normal wrinkles and serve to indi 
eate the direction of the lines of relaxation of the skin. If a facial ineision 
is planned so that it is parallel to these lines, the sear will be relatively ineon 
spicuous. These lines are the euides which plastic surgeons use, often re 


ferrine to them erroneously 





















would rarely 
the numeral These are di 








If one considers the mechanism of the formation of facial wrinkles, it wil 


be appreciated that thev are produced by the contracture of the underlying 





mus¢eles of facial expression. The simplest example is the transverse ecorruga 






tion in the forehead caused by the contraction of the frontalis. In some re 






GIONS, however, several muscles act in unison 10 produce facial expression wit! 
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he result that the skin wrinkles in a curved line. A conspicuous example is 
he nasolabial fold which is the result of the action of the zygomaticus, the 
juadratus labu suUperloris, and the Caninus. The riSOr1us and bueeinator also 
ay play a part in the production of this very definite nasolabial groove 
Likewise one may go over the entire hace and find the underlying museles ot 
velal expression which through their contraetion develop wrinkles at reht 


ngles to direction of their pull. It is evident that the wrinkles are caused 





vy the shortening of the musele without corresponding shortening of thes 
(Therefore, the skin adapts itself by forming folds which are at right angeles 


to the actions of the underlying museles in that particul: r region, Pry the 





) 
Ss 
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itraorbital region this hypothesis does not seem to be true, as the wrinkles 
re in the direction of the fibers of the orbieularis oculi. This may he ex- 
plained by the levator action of the orbicularis in the lower eyelid. Attention 
is called to the fact that the sphincterie action of the orbicularis oeuli is 
tered by its origin and insertion at two fixed points, the palpebral ligament 

t the inner canthus and the lateral palpebral raphe at the outer canthus. 
Contraction of this portion of this muscle results in lines at right angles to 
direction of its fibers and the wrinkles then are at right angles to the 


iction of the musele. At the upper portion of the dorsum nasi, the corrugator 
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supercilii and the orbieularis oeuli act somewhat antagonistically to the 


frontalis to form the almost vertieal lines observed during a frown. In the 


oral region, the orbicularis oris, being a true sphincter, has no fixed points and 


therefore the wrinkles develop radially from the oral aperture. Tlowever, at 


the angles of the mouth, the combined action of the quadratus labii superioris 
and the other muscles in this region causes the lines to blend with those of the 


lower part of the nasolabial fold. The formation of the lines about the outer 


aspect of the chin is complicated as the wrinkles in this area are the result 
of the action of the triangularis, the depressor labii inferioris, and the 


men- 
talis. 


To illustrate the position of these lines Fig. 5 was drawn showing their 
relation to the underlying muscles. 








Fig. 5.—The black lines in this figure are 
imposed upon the muscles of f 
it right angles to the direction « 


tracings of the wrinkles shown in Fig. 4 
expression, Note that these wrinkle 
eontraction of the muscles. 


super- 
lines uniformly are 


Many younger subjects do not have evident wrinkles but careful inspec- 


tion of the skin usually will reveal fine lines of cutaneous relaxation. In 


order to exaggerate them, one need only ask the patient to contract the 


museles in the region concerned and the lines become apparent. All subjects 
are not precisely the same and no single chart of facial wrinkle lines will 


serve for all cases. One cannot generalize quite as freely as would be 


indicated by Langer’s lines, but consideration of the anatomy of the muscles 
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facial expression makes it possible to develop a fairly definite pattern for 


the planning of incisions on the face, 


ADEQUACY OF EXCISION 


In the surgical excision of tumors it is essential to remove the lesion in its 
entirety and the first consideration should be given to the adequacy of this 
excision. Plastic surgeons have been eritized for placing undue emphasis on 
the closure whieh will give the most satisfactory cosmetic result. On the other 
hand, needless mutilation may occur in the surgeon’s overanxiety to remove 
all of the diseased tissue or in his failure to respect the normal wrinkle lines. 
The surgery of facial tumors requires knowledge of and experience in cancer 
surgery and also knowledge of the principles of plastic surgery. At the time of 
primary excision the surgeon has the best chance of eradicating a malignane) 
completely. It is the responsibility of the surgeon who first treats the patient 
to allow adequate margins in the excision of the tumor. The opinion of an 
experienced surgical pathologist, whose advice is based om microscopic study 
of a biopsy of the tumor, is sought wisely before the primary excision rather 
than after the development of a recurrent tumor. 

To give a general conception of what might be considered adequate, the 
counsel of such an experienced surgical pathologist was sought. THe! suggested 
that the following margins could be used as a guide though each ease should 
be considered individually. These values apply only to the management of 
small tumors of the skin which have not invaded subeutaneous tissue. Their 
listing is intended only as a guide. Nevi, pigmented or nonpigmented, require 
a margin of only 2 to 3mm. Basal-cell carcinomas of the skin may be classified 


by inspection as of the elevated or burrowing type. The margin of excision of 


normal skin around the former should not be less than 0.5 em. For the burrow- 
ing lesion it should not be less than 1.0 em. However, squamous-cell carcinomas 
require at least 1.5 to 2.0 em. for safe lateral margin. The depth of the ex- 
cision also is extremely important. Logically, one should excise as deeply as 


one does widely. In practice the deep fgscia if not invaded by tumor is a good 
limiting membrane and if removed with the lesion this should be considered suf- 
ficient depth of excision for malignant tumors of the skin. Malignant melanoma 
should be given a wide margin of excision, certainly not less than 3.0 em. bevond 
the margin of visible pigmentation and palpable tumor. We are not in agree- 
ment with those who advocate very wide (8.0 to 10.0 em. margin) excision of 
regional skin in attempt at eure of the tumor. 

Whether or not the removal has been adequate can be determined finally 
by the pathologist’s examination of the specimen. Longitudinal and transverse 
sections should be made with report on the width and depth of normal tissue 


still attached to the lesion. 
TECHNIQUE OF EXCISION 


After the patient has been prepared and anesthetized one may use a mark- 
ng fluid, such as gentian violet, to indicate the lines of excision. Dots are made 


iround the lesion, all equidistant from the margin of the tumor. <An ellipse, 











IS SURGERY 

perfect or irregular in outline, is then marked out so that it includes the dotted 
area and vet has its long axis in the direction of the wrinkle lines (Fig. 6). The 
leneth of the ellipse should be at least four times as great as its width. The 
longer the leneth as compared with the width the less likelthood of ** boating’ 
of the tips oft the line of suture. The lines should be drawn on the skin so that 
both sides of the ellipse will be approximately the same leneth. If this is done, 
adjustments will not have to be made at the margins of the wound. if not 
possible, adjustments of the marginal tissue must be made. Referring to the 
area beneath the left eve in ie, 6, it the ellipse Was made from a tod directly, 
the lower line of excision would be too lone to approximate accuratels to the 


upper line. (one therefor selects : point ( which should make (1 equal TO 


ab. The small triangle b-c-d may be removed with the result that the incisional 
margins will have equal length and the line of suture will fall in the wrinkle 
lines. This principle may be applied to other regions of the face where the 


same problem is present. Usually the wrinkle lines present as gentle curves. In 


making skin incisions, effort should be made to keep the sealpel perpendicular 


to the skin surface in order to prevent the beveling of cutaneous margins. The 
mass should be removed en bloe to avoid disseminating tumor cells. After the 


lesion has been removed, wide undermining of the skin and subcutaneous tissue 
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Ist be done to allow relaxation. A useful plan is to undereut the Mares ot 
elliptie defect for a distance as great on either side as the transverse measure 
lent of the ellipse. The use of QOOO0O and OOOOOO chromic catgut has proved 

and the derma. 


1} 
| 


o be satisfactory for approximating the subcutaneous tissue 
in the derma must be 


does not he in the epithelium and 
Sutures placed close to each other will effect closure of the skin, makine it neces 
sary to use only the finest sizes of silk for suture of the surface of the wound. 
protrude through the sear a 


Sutures placed accurately so that the suture material 
the knots should be on the underside. 


If buried in the derma, silk suture may t a later 
late, even though no infection has occurred. Cutaneous sutures should be re 
loved on the third or fourth day after operation. In the postoperative dressing 
of large wounds a layer of xeroform gauze overlayed with several thicknesses 
of plain gauze is held in place with adhesive, applied tightly enough to take 
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Fig. 7 Diagram of approximation of wound margins by flan hesi \pp ends A 

nd B on opposite sides of the wound after flaming the central portion f the strip Dra 

und margins together by pulling A and B in opposite directions \pply A’ over A ind # 
| 19 1922.) 


re together. (Fror \raissl 


er B, locking strips when wound margins a 


tension off the suture line. Hlematoma may be prevented and = ecchymosis 
diminished by the use of cotton and elastic bandage applied with even pressure. 
After the sutures have been removed, flamed adhesive may be applied, similar 
to the method? of approximating wound margins as indicated in Fig. 7. Smaller 
wounds are effectively managed by the crepe lisse dressing? whieh consists of 
silver or aluminum foil over the sutured wound, held in place by a single layer 
of indestructible chiffon which has been immersed in collodion. The setting of 


the eollodion provides an effective splint for the skin of the face so that in 
voluntary facial expression does not cause movement of the sutured tissue. 
Sutures may be removed through a V-shaped gate eut in this cutaneous splint 
The splint may be left in place for seven or eight 


of eollodion and = ehiffon. 


days. 
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CONCLUSIONS 


1. Langer’s lines, although copied and referred to I sureleal texts, are 
not the most suitable for planning the direction of incisions on the face. 

2. The normal wrinkle lines which are at right angles to the action of the 
underlying muscles of facial eXPression afford the best euides for INCISIONS Ol) 
the face. 

<i (Complete removal of tumors of the skin of the face 1) eareful surgical 
technique with attention to the normal wrinkle lines is rewarded by superior 
clinical results with minimal deformity from facial sears. 


The ithors S|} t expre thelr sincere ippre itior 


oO nto Mr. Lou Barlow, Medical Artist 
f the Veterans Administration Hospital for his excellent ilh 


istrations. 


REFERENCES 


I 
S 


l. Langer, k.: Ueber die Spaltbarkeit det ingsh. d.. k. Akad. d. Wissensch. 
Math.-naturw. Cl. 48: 233, 1861. 

2. Conway, Herbert: Notes on Cutaneous Healing in Wounds, Surg., Gynec. & Obst. 66: 
140-141, 1938. 

3. Kirschner, Martin, and Shubert, Alfred: Operations-Lehre Allgemeiner ‘Feil, Vol. 1, 
Berlin, 1927, Julius Springer, p. 326, 

$+, Christopher, Frederick: \ Textbook of Surgery, Philadelphia, 1947, W. B. Saunders 
Company, p. 137%. 

5. Davis, John Stage, and Kitlowski, Edward A.: Immediate Contraction of Cutaneous 


Gratts and Its Cause, Areh. S ina. 23: 954. 1931. 


6. Foman, Samuel: The Surgery of Injury and Plastic Repair, Baltimore, 1939, Williams 
& Wilkins Company, p. 51. 
7. Berson. Morton I.: Atlas of Plastie Surgerv, New York, 1948, Grune & Stratton 


Ine., Pp. 2. 
8S. May, Hans: Reconstructive and Reparative Surgery, Philadelphia, 1947, F. A. Davis 
Company, pp. 15, 162. 
9 Kraissl, Cornelius .J.: Introduction to the Dressing Clinie, New York, 1933, Columbia 
University Press. 


10. Stout, Arthur Purdy: Personal communication. 


fddendum: Since the preparation of this manuscript, it is noted that Rubin came to 
the same conclusions regarding Langer’s lines and facial scars using a police detection device 
for skin line study. Rubin, Leonard R.: Langer’s Lines and Facial Sears, Plast. & Reecon- 


struct. Su 3: 147-155, 1948. 

















A SIGMOITDOSCOPE WITH PROXIMAL AND 
DISTAL ILLUMINATION 


ROBERT TURELL, M.D., New York, N. Y. 


(From the Surgical Services of Beth Israel and Montefiore Ilospitat ) 


HikRE are usually two broad types of sigmoidal endoscopes, namely, those 
| that are provided with distal sources of illumination and those with prox- 
imal illumination. Those endoscopes with distally placed light provide ex- 
cellent illumination which, however, frequently becomes dimmed by adherent 
particles of feees or exeretions. These difficulties are avoided Iy the use of 
an endoscope that has the light placed at its proximal end. However, owing 
to diffusion of the hght, proximal illumination is not as bright as the distally 
lighted instruments. Realizing the advantages of each type of illumination, 
| have designed a sigmoidoseope that is provided with proximal and distal 
lighting systems that can be employed simultaneously or singly, and hence 
incorporates the advantages of both systems of illumination. 

The instrument consists of tubular shafts or sheaths made of light metal, 
bakelite, or Lucite, varying in length from 2 to 10 inches (5 to 25 em.) and 
34 to 7 ineh (about 2 em.) in width (Fig. 1). The distal end of the shaft is 
slightly slanted, rounded, and smooth to facilitate the easy introduction of 
the instrument into the anal outlet and to prevent mucosal abrasions. The 
proximal end of the shaft has a wide cireular rim to whieh a handle is at- 
tached with ease (Fig. 2, .4). A connection for the electric current to all 
sources of illumination as well as a switeh for the control of the distal sources 
of illumination are situated at the free end of the handle (Figs. 1 and 2, B). 
The opposite end of the handle (near the opening of the tubular shaft) is 
capped by a proximal source of illumination (Kies. 1 and 2, B) whieh consists 
of a metal case containing a strong hight bulb. This light bulb is activated 
when it faces the opening of the tubular shaft and is turned off by merely 
swiveling the light carrier to either side. Diffusion of this proximal light is 
prevented or greatly reduced by a movable circular metal sheath whieh ean be 
extended to the opening of the tubular shaft (Figs. 2, B, note arrows, and 3 

A metal cap containing a magnifying lens fits snugly into the proximal 
opening of the shaft (special telescopes are unnecessary). This ¢ap also is used 
to close the tubular shaft hermetically when air insufflation is desired for dis- 
tention of the bowel. Through an inlet situated on the right side and close 
to the proximal end of the shaft, air is introduced by means of a bulb which 
has a Luer locking device (Fig. 5). The bowel may be deflated either by re- 
moving the inflating bulb or more expeditiously by opening the suction out- 
let (Figs. 2 and 3). 

The suction tube is situated in the interior of the shaft resting on its floor, 
‘) 


and is terminated at its distal end (Fig. It may be employed for the in 
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troduction or removal of fluid and for the withdrawal of smoke resulting 
from tulguration. Through this suction tube, culture media may be injected 
and withdrawn with the aid of a sterile svringe (Fig. 2), thus obtaining wash 
ings of intestinal flora for bacteriologie studies. 

The instrument as developed to this point is a practical, simple, and use 
ful unit for diagnostic and therapeutic purposes even in the hands of the oe 


easional Operator or ot the nonspecialist Nn) coloproctologie diseases. 











10 pe, 1, Shaft of gmoidosco showing 
2, Magnifying lenses . older or carrie 
inoscope, circular Witch, and connec- 


Additional] refinements have heen developed that Can he added COn- 


veniently to the sigmoidoscope just described. Brighter illumination may be 


obtained by the introduction of a light holder or carrier into the interior of 


the tubular shaft alone side the suction tube having one light bulb placed 
at the distal end of the shaft and another light placed about 4 inches (10 em. 


above this point (Fig. 1,3 and 2). This light holder fits snugly into the prox 


imal opening of the shaft and establishes a specially provided contact with the 


handle for transmission of the eleetrie current. The distal lights are con 
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Suction tube 


Locking device for holder 
of distal lights 





Fig. 2.—Showing the interior of sigmoidoscope and the distal light carrier in situ 
1 shows wide rim to which the handle (B) is attached as well as the locking device for dis- 
tal light holder. Arrows over proximal light carrier indicate the travel of the sheath used for 


the control of diffusion of the proximal light 





Sigmoidoscope assembled with both systems of illumination, the magnifying lens, and 
rubber buib used for insufflation. 
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trolled by the switeh. One of the distal lights can be lit simultaneously wit 
the proximal light so that two sources of illumination may be utilized s 
multaneously. 

The magnifying lens previously deseribed can also be used with the hel 
holder in situ. <A still more refined and useful feature is a metal cap, one 
half of the circumference of which is occupied by a magnifying lens, while th 
remaining one-half contains an opening surrounded by a-washer which makes 
possible the snug passage of a biopsy forceps or an electrode (Figs. 1 and 
3). This facilitates the visualization during the removal of small mucosal ex 
crescences tor microscopic studs and their subsequent destruction ly desic¢ 
cation. 

SUMMARY 

A colorectal endoscope is described which has one proximal and two distal 
sources of illumination. The proximal and one of the distal sources of i 
lumination may be used simultaneously. Either lighting system ean be op 
erated independently. 

A suction tube is incorporated in the tubular shaft through which fluid 
ean be introduced or removed, smoke incident to fulguration may he with 


drawn, and culture media may be introduced and withdrawn, thus obtaining 


intestinal washings adequate for cultural studies. 

















\NTITISTAMINE TILERAPY IN THROMBOPHILEBITIS MIGRANS 
A Cask REPORT 
hRANK A. SELECMAN, M.D... AND Epwarp W. Minuer, M.D., DaAaLLas, TEXAS 


Tull purpose of this paper is to report one case of thrombophlebitis migrans 
in which the course of the disease was apparently halted abruptly by the 
-of one of the new antihistamine drugs. 

No attempt is made to review the literature in any detail, but the commonly 
accepted theories of eticlogy will be mentioned, and a useful bibliography ap- 
ended. An excellent recent review of the literature with a discussion of the 
lisease in some detail and the presentation of six cases may be found in the 
ticle bv Mischer published in 1946. 

Thrombophlebitis migrans is a disease of the voung and middle aged which 
nvolves the deep and superficial veins, particularly the small and medium sized 
veins, but not infrequentiv the larger venous trunks in an acute nonspecifie in- 
flammatory PVvocess which results in occlusion of the vessel so involved. The 
lisease is characterized by chronicity and a tendency to reeur, and its seriousness 
lepends on the mechanical impediment of venous flow which results from the 
occlusions of the blood channels, rather than on the inflammatory reaetion which 
accompanies the thrombotic process. The disease is most serious when it extends 
to involve the veins of the brain, liver, heart, lune, or intestine. Its migratory 
character and tendeney to involve short segments of veins in scattered regions 
1! the body, its failure to respond to the methods which may halt the localized 
enous thrombosis seen particularly in the veins of the legs, as well as its 
tendene to oceur in the absence of the usual conditions which set the stage for 
venous thrombosis mark it as a clinieal entity. 

Sir James Paget in 1866 characterized it aptly as a type of thrombophlebitis 
Which is not associated with the usual conditions favoring venous thrombosis 
such as trauma, exhaustion, infection, varicosities, local inflammation, and puer- 
cerium, and thought it associated with a tendeney toward gout. Theories of 
toxie origin or of focal infection have not withstood the test of time. 

Treatment has been quite unsatisfactory. Vaecines, dicumarol, heat, sulfon- 
imides, penicillin, and heparin have been used with poor results; vein ligation, 

en if possible, does not stop the course of the disease. 

Mortality figures range from & to 50 per cent. 

It is for these reasons, then, that we thought it expedient to report an 
xperiment with a new type of therapy in the hope that its effectiveness might 
e investigated hy others. 

CASE HISTORY 
\ 50-year-old white, married woman was admitted to the Dallas Methodist Hospital 


Dee, 


99 
) 


1947. The chief complaint on admission was aching pain in the left leg. The 
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ilIness had begun ten to twelve days before admission, when the patient had notice 
some pain in the lower left leg while standing and some aching in the left thigh. She 
had also been conscious of a low-grade temperature which she had checked herself at home 
She had complained of an upper respiratory infection with a sore throat for the preceding 
two weeks. 

Past IJlistory. wenty-five vears before admission, following childbirth, she had de 
veloped a phlebitis of the lower right exti mity which was of severe degree, but left her wit] 
no permanent edema. Following this initial attack there were numerous recurrences of low 
grade phlebitis on that side. fen years later, following perineal repair and appendectomy 
she developed a marked flare-up of the vein infection on the same side. In the next fey 


vears there were several minor recurrences of the disease which she treated at home with be 
rest and elevation of the eg. Three and one-half vears before admission she Was ll 


apparently good health when she suddenly developed a recurrent phlebitis which was treate 


with sulfonamide therapy. The disease progressed, however, and she had at least one rather 
severe pulmonary embolism. Following this episode she underwent right saphenous vein 
ligation, at another hospital. She was kept in bed for a period of three months, during whic! 


time the phlebitis spread to involve the lower left extremity as well. Heparin therapy at this 


time failed to halt the progress of the disease, which gradually burned itself out, and she was 


sent home to remain in bed there for another three months. When again ambulatory she 


noticed that marked collateral vessels had developed in a network running from the thighs 


and the region of the groin upward over the lateral and anterior abdomen to join the superior 
I J 


vena cava return. After that severe attack she wore elastie stockings, ace bandages, and 
noticed numerous recurrences of pain in the leg, tenderness over the superficial veins, and 
muscle cramping. She noticed that these outbreaks of the disease were likely to follow upper 


respiratory infections, many of which she treated at home with sulfonamide taken by 

mouth. Past history is otherwise unremarkable and familv history of no interest. 
Physical Exramination.—Examination revealed a moderately obese woman who appeared 

in good general condition. There was shght injection of the pharynx, the chest was clear, 


heart sounds were normal, blood pressure was 108/74. There was bilateral calf tenderness, 


tenderness 


ver the left femoral vein which could be palpated as a firm cord, and there 


were marked collateral venous channels over the anterior abdominal wall and the region 
of both thighs. Measurements of the circumference of the lower extremities revealed 
no asvmmetry. Temperature on admission was 99° F., white blood count was 10,000, 


hemoglobin was 13.6 Gm., the urine was not remarkable. 

Treatment. She was treated with bed rest, elevation of the legs, cradle light, and 
heparin intravenously at eight hour intervals. She had a low-grade temperature for the first 
few days; she then began gradually to return to normal. The heparin was discontinued 
on the third day because of phlebitis at the point of injection. After two weeks in bed she 


Was radually allowed to become ambulatory, at which time a large collateral veir 


approximately 1% to 2 em. in diameter was seen to extend from near the symphysis up 
ward over the anterior abdominal wall to join other smaller veins over the sternum. She 
was discharged in proved on the n neteenth hospital day. 

Second {dmission. The patient was readmitted to this hospital on Jan. 26, 1948, 
with a recurrence of the disease. She had been treated at home during the interva 
between admissions with intramuscular heparin 200 mg. daily. Temperature on this 
admission was 99.2° F., urine was negative, white blood count was 9,400, with 15.4 Gm. of 


hemoglobin. Clotting time the dav after admittance was 1 minute and 42 seconds. 


Physical examination was much the same as on the previous admission, with the 


additional finding of tenderness and erythema over many of the collateral venus channels 
on both sides as well as over the large abdominal vein, previously mentioned. Many of 
the vessels could be palpated as firm, tender, fibrous cords beneath the skin. The patient 


was quite uncomfortable during this admission and careful observation showed quit 
| 


clearly the daily spread of the disease. The cephalic vein in both arms became involve 
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well as many of the smaller tributaries to the brachial veins. She was treated with bed 
and heparin by continuous drip intravenously for a period of many hours with no 
parent benefit. Following this, heparin was given every eight hours in doses of 100 mg 
tramuscularly for a period of eight days, with no obvious signs of improvement, there 
re heparin therapy was discontinued. Clotting times over this period averaged from 5 
minutes. Other laboratory findings included a negative blood culture, normal glucose 
erance curve, a bromsulfalein retention of 24 per cent in 30 minutes, a one plus cephalin 
eculation, prothroml in level of 59 per cent. A cold agglutinin test gave negative results. 
X-ray studies of the chest and upper gastrointestinal tract and barium enema revealed no 
vious pancreatie lesion. On the fifteenth hospital day the patient vas started on Histadyl 
doses of 50 mg. t.i.d. and 100 mg. at bedtime daily. Within twenty-four hours after the 
eginning of this therapy she noticed marked improvement in the general condition with 
luction of the tenderness over the involved veins and disappearance of aching in the legs 
lower abdomen. The patient was rapidly made ambulatory and seven days following 

he institution of Histadyl therapy she was dismissed from the hospital with a normal tem 


perature and in excellent spirits, entirely relieved of any signs or symptoms of venous 


nflammation, She has been entirely well in the four months since she was discharged. 

As consultants, the patient was seen by Dr. Carl Mover, Dr. Robert Spark- 
man, and Dr. Howard KE. Hever, who felt that allergy might be plavine some 
part in the disease. 

To our knowledge this is the first case of thrombophlebitis migrans whieh 


has been treated, and treated apparently suecesstully, by an antihistamine drug. 


REFERENCES 


sarker, N. W.: Primary Idiopathic Thrombophlebitis, Arch. Int. Med. 58: 147-159, 1936 


sirnberg, V. J., and Hansen, A. E.: Thrombophlebitis Migrans, J. Pediat. 21: 775-786, 


Barber, H.: Case of Thrombo-phlebitis, Brit. M. J. 1: 281, 1932 
I> 
| 


Briggs, J. B.: Reeurring Phlebitis of Obscure Origin, Bull. Johns Hopkins Hosp. 16: 228 

33, LUO. 

Buev, P. C., and Lesemann, F. J.: Idiopathic Recurrent Thrombophlebitis, With Cerebral 
Venous Thromboses and Acute Subdural Hematoma, J. A. M. A. 119: 402-405, 
1942. 

Bue reer, Bas The Association of Migrating Thrombophlebitis Witl Thromboangtitis 
Obliterans, Internat. Clin. 3: 84-105, 1909. 

Ficurra, B. J.: Migratory Polvphlebitis, Arch. Surg. 53: 105-110, 1946. 

Fischer, E. H.:) Thrombophlebitis Migrans, J. Kansas M. Soe. 47: 245-249, 1946, 

Flood, E. P., Redish, M. H., Bociek, S. .I., and Shapiro, S.: Thrombophlebitis Migrans 
Disseminata, New York State .J. Med. 43: 1121-1124, 1943. 

Herrick, W. W.: Phlebitis Migrans, With Report of a Case, Am. J. M. Se. 142: 874-878, 
1911. 

Hirsehhorn, L., Lisa, J. R., and Goldstein, R. J.: Thrombophlebitis Migrans, Am. Heart JJ. 
17: 76-84, 1939. 

fohnson, W. R.: Recurrent Idiopathic Superficial Phlebitis: Its Significance in Adult 
Men, M. Clin. North America 11: 1559-1579, 1928. 

Kletz, Norman: Thrombo-phlebitis Migrans, Lancet 2: 938-939, 19382. 

\lever, P. F.: Idiopathie Thrombophlebitis, Brit. M. J. 1: 53, 1940. 

Moorhead, 7. G., and Abrahamson, L.: Thrombo phlebitis Migrans, Brit. M. J. 1: 586-587, 
1928, 

Ryle, J. A.: Thrombo-phlebitis Migrans, Lancet 2: 731-733, 1930. 

Swinsky, M. Y., and Cassano, Caesar: Thrombophlebitis Migrans, J. Lab. & Clin. Med. 28: 
1812-1816, 1943. 

\\ 


Walker, A. B.: Observations on Thrombo-phlebitis Migrans, Laneet 2: 936-938, 1932. 

















MULTIPLE AORTO-INTESTINAL FISTULAS SECONDARY TO 
SWALLOWED FOREIGN BODY 


JoHNn D. Hoyvir, M.D., San ANTONIO, TEXAS 


(From the Department of Nurde jand Gynecology, l niversity of |" aginta School of VWedicine 


Charlottesville, Va. 


A CASE of aortoduodenal fistula secondary to a swallowed needle was 1 
cently encountered. The fistula was successfully closed without 1 
moval of the foreign body. Later it again caused a perforation from. the 
aorta into the intestine through a false aneurysm, on this occasion at a lowe 
level. The second fistula was also successfully Closed and a part of the foreign 
hody removed. 

Arterio-enteral fistula is rare. In 1945 Bank! reported a case of aorto 
esophageal fistula which resulted from a swallowed fishbone. In his review 
of the literature he found four similar cases. In 1946 Diek and Nevill? added 
another case. <All these cases were fatal and diagnosis was made in each 
case at autopsy. Bank! also found that sixty-three cases have been reported 
of rupture of great vessels other than the aorta as the result of a foreign 
hody in the esophagus. 

Aneurysms of the abdominal aorta are not uncommon. Occasionally they 
rupture into the gastrointestinal tract, producing massive hemorrhage. In 
a review of the literature by Rottino in 1943,° 52 cases were found in which an 
aneurysm of the aorta ruptured into the gastrointestinal tract. The stomach 
was perforated in 5 cases, the jejunum in 1 ease, the duodenum in 24 eases, 
and the small intestine (site not specified) in 1 case. All the eases in this 
group were fatal, diagnosis having been made at autopsy. 

In an extensive search of the literature no reports could be found of estab 
lished fistulas between the abdominal aorta and gastrointestinal traet witl 


or without an associated forelen body. 


CASE REPORT 

R. W. D., a 21-year-old white man, was admitted to the medical service of the University 
of Virginia Hospital on Aug. 13, 1947, because of gastrointestinal traet bleeding. 
At the time of admission to the hospital the patient eave a SIX weeks’ history of inter 
mittent episodes of sudden onset of weakness, dizziness, and nausea. These episodes wer 
followed in several hours by the passage of large amounts of dark red blood per rectum 
Bowel movements during the following twelve to twenty-four hours were tarry. The patient 


had noticed no relationship between these attacks and activity o 


the taking of food. Afte 


experiencing several episodes over a tour-week period, he was admitted to h 


Ss community 


hospital for diagnosis. There the patient was given only supportive treatment, ineludit 
three transfusions. During the hospital stay he had a massive gastrointestinal tract hemo1 
rhage and vomited for the first time a small amount of bright red blood. Ile was discharge 


from the hosptial on the twelfth day of hospitalization and was referred to the University 


Hospital for further treatment. 
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The past history was negative except for a history of ‘‘rheumatie pain’? between the 
f 6 and 11 years. 

Hxamination at the time of admission to the University Hospital revealed a well-de 
ped and fairly well-nourished white man who showed evidence of marked blood loss. 
perature was 99.8 I’., pulse 100, respirations 28, and blood pressure 112/48. The skin 
s pale, as were the mucous membranes and nail beds. Physical examination otherwise was 
remarkable. Abdominal examination was entirely negative. 

Laboratory examination at the time of admission revealed a red blood cell count of 
OU UUU0 W th hemoglobin ot 7 Gm... and a white blood cell eount ot 7.000, The blood urea 
s 36 mg. pe LOO) Ge, Findings from the blood Wassermann and Kahn were negative. 


prothrombin time was 15 seconds as compared with a control of 11.5 seconds. The 


| 
eeding time was 216% minutes and the clotting time 614% minutes (Lee and White method 
| tra et wae 7 4] \ tournl t st was mrntive Routine inalvsis o&% y 
clot retraction Wa normal. tourniquet te Wa negative. vouTtine urinalysi CAVE 
egative results. Stool examination showed a one plus benzidine reaction, The blood type was 
nO 


\ tentative diagnosis of gastrointestinal tract bleeding from duodenal uleer was made. 
e patient was placed on an ulcer regime and given a Sippy diet. On the second hospital 
un X-ray examination of the gastrointestinal tract was reported to be negative. During 


e first four days in the hospital the patient was given three transfusions of whole citrated 


lood, a total of approximately 1,600 ¢.c., with little change in the hemogram. On the eighth 
ospital day the patient had a massive hemorrhage from the gastrointestinal traet and passed 


large amount of dark red blood with clots. He responded to blood transfusions, and the 


ood pressure stabilized at 110 60, 


The patient was seen in consultation by the surgical service and was tranferred for 
issible operation. 
The patient was placed on nothing by mouth and for the next twelve days was given 


unerous whole blood transfusions. There was apparently little bleeding from the gastro 


utestinal tract for several days, and on Sept. 2, 1947, nineteen days after admission, the 


emogram revealed 16 Gm. of hemoglobin and 5,600,000 red blood cells. The following day a 


second gastrointestinal x-ray examination including study of the small bowel was made, 
ich was again reported as negative. Two days later a barium enema was obtained and 
reported to he nevative. 
Although all diagnostic procedures had been unrewarding, it was felt that this patient 
ould be bleeding from duodenal ulcer, Meckel’s diverticulum, hemangioma of the bowel, o1 
polyps. An exploratory laparotomy was therefore decided upon. 
On Sept. 5, 1947, this operation was performed through a right paramedian incision 
der satisfactory spinal anesthesia. Intra-abdominal examination revealed no abnormalities 
cept for generalized enlargement of the mesenteric lymph nodes, the presence of Ascaris 


mbricoides in the lumen of the jejunum, and a small, indurated plaque on the surface of the 


ncreas. On exploratory gastrotomy nothing abnormal was found. The pancreas was 
opsied and a mesenteri¢ lymph node and the appendix were removed. The abdomen was 
sed in layers using interrupted silk sutures. The patient withstood this procedure satis 


actorily. 
Microscopic study of the tissues removed showed old foeal hemorrhage of the pancreas 
th caleifieation, mild hyperplasia Oo 


1 no pathologie change in the appendix. 


lymph nodes, an 
The patient’s postoperative course was uneventful until the fifth day, when he again 
denly became weak and dizzy. Several minutes later he was discovered by the nurse to be 
profound shock. He was given whole blood transfusions immediately and responded well. 
During the next eighteen days the patient bled frequently from the gastrointestinal tract. 
e bleeding was of sudden onset, massive in amount, and of short duration. Following 
episode of hemorrhage, the blood pressure dropped considerably. 
On September 22 the patient had a massive hemorrhage requiring seven whole blood 
nsfusions, a total of 3,760 ¢.e. Because it was obvious that he was rapidly going downhill 


ud that the prognosis was grave, a second exploratory laparotomy was planned as a last 


sort 








i 
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On September 25 the abdomen was re-opened under endotracheal gas-oxygen-ethe 
anesthesia, through a right paramedian incision. Intra-abdominal examination reveale 
essentially the same findings as previously. An exploratory duodenotomy in the second portion 


was carried out and the lumen of the duodenum explored with the gloved finger, which was 


passed beneath the superio! mesenterie vessels Into the third portion of the duodenum to the 


ligament of Treitz. Upon palpating within the lumen over the aorta, a sharp-pointed object 
Was encountered. Immediate re-examination of the x-ray films revealed a shadow over the 
interspace of the third and fourth lumbar vertebrae that appeared to be a sewing needle. It 


was lying in the longitudinal axis of the vertebral column. It should be noted that this shadoy 


iad been overlooked by observers in spite of many films on which it appeared, 


Upon incising the Egament of Treitz and reflecting the duodenum upward, a pulsating, 


tubelike structure about 13 mm. in diameter and 2 em, in length was found extending fron 
the abdominal aorta to the posterior wall of the duodenum. The duodenum was incised about 
the attachment of the tube leaving a small euff of the bowel wall attached to it. The lumen of 


the bowel was found to be filled with fresh blood clots and bright liquid blood. Upon in 


spection of the structu thin the lumen of the duodenum, there was seen a small 


amount of granulation tissue with what appeared to be a small blood clot in the center. 


During this examination a moderate hemorrhage occurred, and there was a transitory drop in 
the patient’s blood pressure. The pulsating tube was then clamped to prevent further bleed 


ing from the aorta. 


Another clamp was applied near its base and interrupted mattress sutures were placed 


proxin al to the clamp. The sae was then excised and another laver of interruptes 


silk sutures 
was placed at the aortic end to give added support to the closure. The two incisions in the 


duodenum were close 


transversely, with OO atraumatie chronie catgut, reinforced by inter 
rupted silk sutures. The needle was lost, presumably in the retroperitoneal tissue, during an 
attempt to extract it. The abdomen was then closed in layers with interrupted silk sutures. 

The patient was placed on continuous duodenal suction for three days following opera 
tion. He had an uneventful postoperative course and was up in a chair on the fifth post 
operative day. X-ray examination of the abdomen revealed the needle to be still present; how 
ever, it was now lying one vertebra lower, anterior to the body of the fifth lumbar vertebra. 
While in the hospital the patient received a total of 26,500 ¢.c. of whole citrated blood and 
» 


1,200 e.c. of pooled plasma. The patient was discharged on October 


He was seen in the surgical outpatient department on Nov. 3, 1947, and again on Jan. 5, 
1948, three and one-half months after operation. He was asymptomatic and physical examina 
tion was negative. He had gained thirty pounds in weight and had returned to his work in a 
furniture factory. 

The patient was seen again on the afternoon of Feb. 15, 1948, with a history of having 
passed a stoo] which contained dark blood following ingestion of his breakfast approximately 
ten hours previously. He was otherwise asymptomatic. Physical examination at the time of 
admission was essentially negative except for a questionable bruit in the mid-abdomen in the 
region of the umbilicus. The blood pressure was 110 mg. Hg systolic and 65 mg. diastolic. 
Laboratory examination revealed a hemogram of 4,400,000 red blood cells and 13 Gm. of 
hemoglobin. Rectal examination vielded a glove specimen on Which the benzidine reaction 
was strongly positive. 

The patient was admitted to the hospital and placed on nothing by mouth. It was 
suspected that there was a recurrence of the fistula betwen the aorta and duodenum similat 
to that found previously. 


On the second hospital day the patient was again operated upon under satisfactory 


endotracheal gas-oxygen-ether anesthesia. The abdomen was opened through the previous 


wound. A moderate number of adhesions was found beneath the scar and throughout the 
peritoneal cavity. These adhesions were friable, however, and there was no obstruction of the 


bowel. Exploration revealed a pulsating mass over the distal portion of the abdominal aorta 


*Repeated questioning later failed to elicit any incident suggesting the time and circum- 
stances of its ingestion 
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ch measured approximately 9 em. in diameter. Two loops of small intestine were intimately 
lherent to it. One loop was attached to the anterolateral aspect ot the left side of tl 
ss with a fan of its mesentery lving over the surface. The other was adherent to the mass 
n the right lateral side beneath the mesentery of the other loop. Because of the dense 
lhesions between the bowel and the mass, it was felt that resection of the two loops Was 
mperative, The more anterior loop of bowel was therefore first resected, leaving a segment 


pproximately 12 em. in length adherent to the mass. \n end-to-end open anastomosis was 
irried out. The second loop of small bowel was somewhat obscured by scar tissue and 
dhesions and its relationship to the large bowel could not be readily determined, The loop 
as ¢lamped on either side of its attachment to the mass, leaving approximately 8 em. un 
sturbed. Upon exposing the lumen of this loop, dark blood clots were found. This seg 


was then determined to be the terminal ileum, which had been divided approximately 
the ileo-cecal valve. Tleocecostomy re-establishing the normal relationships was therefore 
performed, 


The posterior peritoneum was incised in the midline and reflected from the mass laterally. 


rough the upper end of the incised peritoneun , the aorta was isolated above the mass 
nd a Shenst 


one tourniquet carrying 


a rubber tube was placed. Similar procedures were done 
vith both common iliae arteries. With the tourniquets tightened so as to occlude the lumina 
of the arteries, the false aneurysm carrying the two resected loops was dissected from the 


orta \ small opening into its lumen was identified, measuring approximately 14% em. in 
length. Interrupted 000 braided silk sutures were placed in the wall of the aorta to close the 


leTect. While the first suture was being placed, the end of the needle 


thdrawn from the wall of the aorta. 


and rough. 


was identified and 


It was markedly oxidized. The surface was black 
The eye was recognizable and the other end was roughly pointed so that for the 
moment complete removal was believed to have been accomplished. Following closure of the 
opening in the aorta with one layer of interrupted silk sutures, the 


tourniquets were released 
from about the vessels beginning with 


those on the common iline arteries. No bleeding 


followed. The aorta was oecluded completely for approximately ten to twelve minutes. 
\ small segment of fascia from the anterior rectus sheath was excised and this patch was 


itured over the suture line in the aortic wall. Border segments of the false aneurysm that 
ad not been removed were overlapped by suture so as to coven the fascial patch. The pos 
terior peritoneum was closed with a continuous suture of atraumatie catgut after placing 
100,000 units of penicillin and 4% Gm, of streptomycin in the retroperitoneal space because 
of the contamination from opening the intestine. One hundred thousand units of penicillin 


1 % Gm. streptomycin were also instilled into the peritoneal cavity and the abdomen was 


losed without drainage. While on the operating table the patient received 2,000 ¢.c. of whole 
itrated blood. 


Microscopic sections of the bowel and aneurvsmal sae showed acute and chronie inflam 
ation of the small intestine with scarring and foreign body reaction and partially organized 
blood clot. 


Postoperatively the patient had an uneventful course. Arterial pulsations in the lower 
extremities were normal ane there was no museular weakness. Hle beg: 


gan taking a diet on 
the sixth postoperative day and was allowed out 


of bed. \ postoperative roentgenogram 
revealed a shadow about 0.5 em. 


that had 


n length, presumably representing a fragment of the needle 
spontaneously separated through oxidation and had remained in the abdomen, possibly 
Within the lumen of the aorta. 


The patient was discharged on the twelfth postoperative day. On March 19, 
again on April 19, 1948, he 


1948, and 
Was seen in the outpatient department. He was asymptomatic 
and physical examination was negative. 

The patient’s latest admission to the hospital was on May 14, 


1948, approximately three 
months after the last discharge. 


He had been symptom free but had been nervous and ereatly 
concerned about his health. On the morning of the 


day of the last admission he 
tarry stool. 


passed a 


There had been no weakness, sweating, or pain on this occasion. 
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Physical examination revealed a well-developed and nourished young man appearing 
somewhat disturbed. The blood pressure was 122 mg. He systolic and 80 mg. diastolie, pulse 


S4, respirations 18.) Abdominal examination was negative. A glove specimen from the rectum 


yielded a positive benzidine reaction. Laboratory examination revealed hemoglobin of 13 
Gm., 4,030,000 red cells, and 7,600 white cells. The urinalysis was negative. An x-ray view 
of the abdomen showed no change in the position of the foreign body since the last examina 
tion. 

The day following admission to the hospital a gastrointestinal x-ray series and small 
bowel study were obtained but showed no abnormality. The history and findings at the 
previous operations suggested the wisdom of prompt exploration. 

An exploratory laparotomy was performed under gas-oxygen-ether anesthesia. Minimal 
adhesions were found. Exploration revealed no adhesions between the small bowel and the 
posterior peritoneum, The entire abdominal aorta and the great vessels were palpated under 
direct vision and found to be normal. The third portion of the duodenum was not adherent 


as it had been at the first operation. An exploratory gastrotomy was again done because of 


some edema about the pylorus. No pathologic change was found. The small bowel was 


transilluminated throughout its length and no abnormal shadows were seen. The abdomen 


was closed in layers with silk. 

The patient had an uneventful postoperative course and was discharged from the hospital 
on the seventh postoperative day. He has remained asymptomatic with reassurance and an 
ulcer regime. \t the end of eight weeks he had gained twelve pounds in weight and was 


working. 
COMMENT 


This report was first prepared prior to the last episode of hemorrhage. 
The relationship between the swallowed foreign body and the two aorto- 
intestinal fistulas had been established by the identification of the needle at 
the site of each fistula. The most recent episode of hemorrhage into the bowel 
is unexplained, although it was proved that it was not due to a fistula between 
the bowel and any of the great vessels. Although no duodenal ulcer was found 
by x-ray or on exploration, the patient was treated by an ulcer regime, since 
his psychic make-up, his recent repeated severe illnesses and surgical opera- 
tions, and his obvious apprehension made this diagnosis a possibility. The 
cause of the last episode of bleeding must remain obscure up to now. It should 
be noted that it was a single hemorrhage minor in degree and has not been 
repeated as the earlier hemorrhages were. It should also be noted that a 
fragment of the needle still remains in the aortic lumen, its wall, or the retro- 
peritoneal tissues. 
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Case Reports 


PERFORATION OF THE COLON FOLLOWING THE USE OF ENEMAS 
FRANK M. Weaver, M.D.. AaNp Ropertr H. HoutAanp, M.D., Yorn, Pa. 


T HAS been our unfortunate experience to have three fatal cases of pertora 

tion of the colon precipitated by enemas in a period of three months. The 
diagnosis was confirmed by autopsy in one case and at operation in the other twe 
Cases. 

Knemas have been used almost universally since 1000 to 2000 B.c., according 
lo Lieberman, ! for disorders ot the laree bowel. In recent years, however, the 
efficacy of enemas or colonic irrigations has been disputed in many disorders of 
the large bowel, especially their habitual or repeated use. Hibben? said that the 
present indications for enemas are constipation, fecal impaction, amebiasis, 
diverticulosis, and MUCOUS colitis. In addition to some ot these, most elinies use 
enemas preparatory to proctosigmoidoscopy and barium enema. We do not wish 
to be controversial regarding the indications for enemas; however, we feel that 
the condition of the large bowel, as determined by proctosigmoidocopy, barium 
enema, and stool examination, should be determined before any plan of therapy 
is instituted. 

By far, the most important aspects in the administration of enemas are the 
liquid used, the amount of liquid, and the force used to inject it. There have 
been many reports by Barker® of acute colitis resulting from the use of soapsuds 
enemas, and we too have noticed that a mild proctocolitis sometimes followed 
this type of enema when used preparatory to proctosigmoidoscopy. Tap water 
or normal saline enemas are more physiologic and produce the desired effeets in 
our experience. In regard to the amount, we have found that one to two pints 
is usually sufficient to cleanse the distal colon or to induce defecation. Last, and 
most important, is the force used to inject the enema; here we feel that the 
enema can should never be placed higher than two and one-half feet above the 
hed and that the liquid should be given slowly in an interrupted stream. To 
impress this upon the nursing and resident staff we are taking small groups to 
the fluoroscopy room to observe barium enemas and their effeets on the bowel. 

In the three cases that we are presenting, the perforation was proximal to 
an annular earcinoma of the sigmoid colon—below the promontory of the sacrum 
In one case, and proximal to a carcinoma of the rectosigmoid in two cases. We 
feel that the enemas were definitely responsible for the immediate deaths in 
these patients because all three perforations were proximal to the lesions in the 
colon, also because the patients experienced a sudden shoek in the lower abdomen 
immediately following the administration of the enemas, and of course because 
of the operative and autopsy findings. As Wangensteen' pointed out, high ob 


structions are no longer the most serious to life, for low obstruetions hold a far 
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ereater risk due to sustained intraluminal pressures that threaten the viability 
of the bowel wall. When we add to this an enema forced past an almost complete 
obstruction it is no wonder that perforation occurs so easily. As can be seen 
while doing a barium enema, the sudden foreeful injection of the barium irri 
tates the colon and initiates a massive peristaltie movement whieh can eject the 
enema with great velocity and force. It is by this mechanism, we feel, along 
with a weakened bowel wall due to prolonged distention and malignant change 
that the perforations occurred. Pratt and Jackman’ have reported perforations 
of the reetal wall by enema tips. This can be ruled out in our cases sinee the 
perforation sites were proximal to the obstructing lesions and inaccessible to 


trauma from an enema tip. 
CASE REPORTS 


CASE 1. W. P.. a 77-Ve% r-old white man, Was admitted to the York Hospital on Nov. 


9, 1947, complaining of pain in the abdomen, nausea, and vomiting. 

The patient had a slowly progressive constipation of two years’ duration, The week 
prior to admission he had been seized with lower abdominal pain; he consulted his family 
physician who advised x-ray studies of the patient and an enema. The enema gave relief for 


several days; however, the day prior to admission he again experienced the lower abdominal 


pain accompanied by some distention of the abdomen. An enema was again advised and when 
the pain retul ned the enema was repeated, follow Ing W hich the patie! t said he felt 
something ‘pop?’ n the lower abdomen. He immediately became nauseated, cold, began 


perspiring, and was sent to the hospital. 


On physical examination the patient was found to be an emaciated, elderly white man in 
acute abdominal distress and in a mild state of shock. Blood pressure was 90/60, pulse 120, 
and temperature 96.4° F. He had an enlarged heart with loud snapping sounds and a loud 
svstohe muUurnwuy heard best over the wdpex, The abdomen Was boardlike with no difference 
of sensation in any area. A large polypoid mass could be palpated rectally at the tip of 
the finger on the anterior rectal wall. 

Impression was a generalized peritonitis secondary to traumatie injury of the lower 
sigmoid, probably due to the enema, and carcinoma of the rectosigmoid. 

The patient was treated with intravenous fluids and sedation and beeause of his 


moribund eondition, t] erapy Was limited to this. He died six hours following admission. 


‘al contamination of the abdo 


At autopsy a generalized peritonitis with a watery fe 
men was found. There was a 3 em. perforation of the bowel just proximal to the reeto 


l 


sigmoid which was the seat of a earcinoma ot the reetum., There was no evidence of 


metastases to the liver. However, there were several nodes palpable along the abdominal 
aorta which were grossly involved. 
Case 2.—F. B., an S80-vear-old white man, was admitted to the York Hospital on Dee. 


9, 1947, complaining 


of severe abdominal pain. 
The patient had been well until one month prior to admission, when he began to 
experience weakness, anorexia, and a vague abdominal discomfort. One week prior to 


admission he began to notice that stools were becoming secant and contained some blood. 
The day of admission, immediately following an enema, he experienced a sharp pain in 
the lower abdomen; a physician was summoned and hospitalization was advised. 


On eXamination temperature was 99° F., pulse 76, respirations were 18, and blood 


pressure was 140/80. The patient was poorly nourished, pale, dehydrated, and complaining 
of lower abdominal pain. Heart rate was normal but the rhythm was irregular, with 


svstolic murmurs heard over the mitral and aortie areas. The lungs were clear to ausculta 


tion and percussion. The abdomen was flat and rigid with generalized tenderness which 


was more marked in the lower abdomen, There were bilateral reducible inguinal hernias. 
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rectal examination a firm, fixed, and tender mass could be palpated by the tip of the 
ve! 

Impression was generalized peritonitis secondary to perforation of the lower sigmoi 
| carcinoma of the reetosigmoid. 


Laboratory studies revealed 


urinalysis, trace of albumin, otherwise normal; 10.5 
(a! ot hemoglobin; 3.790.000 red blood cells: 8.350 white blood cells, S5 per cent 
eutrophiles; 15 per cent small lymphocytes. Kahn and Wassermann were negative. Blood 
rea nitrogen was 39.4 mg. Abdominal culture showed usual large bowel flora. 
Operation was performed on Dee. 10, 1947, under open-drop ether anesthesia, At this 
me a perforation of the sigmoid, 3 em. 


proximal to the rectosigmoid junetion, was found 


nd distal to this an annular carcinoma which had almost completely obstructed the bowel. 


there was no evidence of metastases in the liver or regional nodes. There was a general 
red peritonitis with sevbala floating in the abdominal cavity. A loop colostomy of the 
sigmoid was performed and the abdomen aspirated as well as possible. 

The patient was treated with large doses of streptomycin and penicillin, along with 
travenous fluids and several blood transfusions. ‘The patient seemed to improve until 
he third day postoperatively when the heart became irregular and rapid. He gradually 
ecame more toxic in spite of rapid digitalization and died on Dee. 12, 1947, three days 
fter admission. 

CASE 3.—L. J., a 59-year-old white woman, was admitted to the York Hospital on 
Mal 30, 1948, with the chief complair t of pain in the abdomen. 

or the past veal the patient had been having progressive constipation and occasional 
eeding upon defecation. The patient treated herself with catharties until two weeks 
or to admission, when she could no longer obtain relief. Her family physician was 

summoned and advised an enema and x-rav studies of the colon. Following the enema she 
felt something ‘‘ pop’? in the lower abdomen; there was distention and pain in the entire 


bdomen shortly thereafter. Hospitalization was then advised. 


On admission the patient was found to be a very obese white woman in acute abdomi 


nal distress from pain and distention of the abdomen. Temperature was 98° F., pulse 100, 

ind blood pressure 120/82. Cardiovascular and respiratory systems were normal on exami 

ation, but the abdomen was marked|\ distended, rigid, and tendet generally. Borborvemi 

nd peristalsis were present. Rectal examination was normal except for bright red blood 
he glove when the finger was withdrawn. 

Impression was generalized peritonitis secondary to perforation of the colon and 
arcinoma of the sigmoid colon or descending colon. 

Laboratory studies showed urinalysis normal; blood, 14.8 Gm. of hemoglobin; £790,000 
ed blood eells; 11,240 white blood cells; S89 per cent neutrophiles; 6 per cent small lympho 
vtes, and 5 per cent monocytes. Kahn reaction was negative. Nonprotein nitrogen was 
‘| mg. Blood proteins were 7.7 Gm. Albumin-globulin ratio was 1.5 to 1. Barium enema 
revealed complete obstruction of the lower sigmoid with marked distention of the large 
nd small bowel proximal to this. 

\ Miller-Abbott tube was passed and intravenous fluids were started along with 
penicillin and sulfadiazine therapy. 

Operation was performed on Feb. 1, 1948, at which time about 1000 ¢.e. of brownish 
ed, foul-smelling fluid rushed from the abdomen. In the pelvis was found a carcinoma 


f the sigmoid with a perforation along the lateral side and proximal to the carcinoma. 


lhe abdomen was aspirated as thoroughly as possible and the perforation closed. \ 
Witzel colostomy was performed because the obesity of the patient would not allow us to 
form a loop colostomy of the sigmoid. The Miller-Abbott tube was found in the proximal 
eum, functioning normally. There was no evidence of liver metastases; however, involved 
odes were palpable in the sigmoid mesocolon. 


Th 


vo days after operation. 


e patient became more toxic; respirations became more labored and finally ceased 
| 








| 
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Krom these cases it can be seen that therapy in the form of enemas was 
instituted before a thorough examination of the rectum, colon, and teces was 
performed, a practice which should be terminated especially in middle-aged and 
elderly patients. The use of the 3-H enema (high, hot and a h of a lot) is 
to be condemned and was the method employed in two of our three cases. It is 
the direct responsibility of the physician to determine when an enema should be 


civen, how often an enema should be given, and to instruet the person adminis 


tering the enema in the exact technique he should follow. 
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Patholoay, 


From the 


The University OT 
According 


\ MONG benign neoplasms of the stomach, pure fibromas are rare. 
f to our survey less than 125 cases have been reported to date. The tabula- 
97 Most of the 


tion of Dudley, Miseall, and Morse!’ accounts for 97 of these eases. 

remaining ones are individual case reports. The size of the growths varied 
considerably. The largest one was reported by Seharapo.? It was surgically 
removed from a 24-vear-old woman and weighed 5,500 Gm. The next largest, 
weighing 3,660 Gm., was reported by Pendl.’ This was discovered at necropsy 
of an 81-vear-old man. In this paper a large fibroma of the stomach is reported 
which was surgically removed from a 17-year-old Negro girl. This is believed 
to be the second largest such growth on reeord. 


REPORT OF CASE 
Hospitals, March 


When 


idmitted to the University of Oklahoma 


A 17-year-old Negro girl was ad 
11, 1947, complaining of a mass in the abdomen and shortness of breath on exertion. 
25, 1947, a large, smooth, nontende: 
negative; 


was first seen in the outpatient department, Feb. 
of the chest were 


Roent CeHnoLgTamMs 


f the cervix uteri, a small ¢ 
the uterus o1 


she 

nass was palpable in the upper abdomen. 

those of the abdomen disclosed that the mass displaced the transverse colon downward and 

the stomach upward and anteriorly Kies. 1 and Intravenous urograms revealed some 

distortion of the lower calyx of the left kidney attributed to pressure from the mass Pelvie 
‘rosion of the os, and a 


examination revealed slight enlargement ¢ 
oderate mucoid discharge. The mass seemed not to be connected with either 
vielded no additional information. 

2+ albumin. 


the adnexa. 
At the time of examination 
Examination of the blood and urinalysis 


admission, physical 
ive negative results except for a 1 to 


On cystoscopic examination there was some injection of the bladder mucosa, 
Laparotomy Mareh 28 disclosed 1 Smooth, firm, well-cireumseribed neoplastic mass about 
a portion of the 


to the ereatel 


ipparently within the omental bursa. 
the transverse colon. 


diameter attached curvature of the stomach and to 
The mass Was removed 


situated 
The opening 


20 em. in 

colon and 
together with a portion of the stomach and 

in the stomach was repaired, and the severed portions of the transverse colon were sutured t¢ 

\ jejunostomy was then made utilizing 

slowly under 


The opening 


transverse 
a segment of 


the abdominal wall by a ‘‘double barrel’’ colostomy. 
the duodenojejunal junction. The patient recovered 
fourteenth day. 


on the 


ii portion 12 em. past 
supportive therapy. The jejunal tube was removed 
closed spontaneously a few days later. The colostomy was functioning well when the patient 
Was discharged May 2. She was readmitted June 28, and on July 17 the colostomy was 
lischarged on July 30. She was 
she had gained about 


‘losed. The patient made an uneventful recovery and was « 
last seen in the outpatient department March 6, 1948. At this time 
for a sense of fullness before finishing 


twenty-five pounds and was asymptomatic, except 
’ the transverse the splenic 


colon near 
residuum three 


meals. Roentgenograms disclosed some narrowing of 

flexure with no hindrance to the passage of content. There was some gastric 
ours after a barium meal. 
The specimen obtained at operation consisted of a firm, encapsulated mass 25 by 19 
Blood vessels were prominent beneath the capsule 


by 16 em., weighing 4,315 Gm. (Fig. 
ceceived for publication, June 21, 1948. 
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Fig. 1. rig. 2 


Figs. 1 and 2. Roentgenologic appearance of the growth The mass displaced the transverss 
eolon downward, and the stomach upward and anteriorly. 











Fig, 3.—The appearance of the growth externally and on the cut surface. The resected por- 
tion of stomach is seen on the upper surface. 
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and the serosal covering, Over an area 1] DV tem. and ¢lo ely adherent to the surface was 
| portion of stomach, The pattern of the eastric mucosa overlying the attached portion ol 
the stomach was clearly discernible with no distortion or discoloration. \ segment of large 
intestine 16 ¢m. long was adherent to anothes portion of the mass. The cut surfaces of the 


mass bulged shehtly and were gray with a strenked pattern of interlacing fibers. There 
were no sreas oft softening, NEeCTOSIS, O1 hemorrhage, The pattern Was identical on several 


of the cut surfaces, 





Fig. 4.—The growth appears to originate from the perimuscular connective tissue of the 
stomach with an almost straight line of demarcation (100) 
Fig. 5.—Microscopic appearance of the growth (300) 
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Microscopie preparations stained with hematoxylin and cosin and representing many 


e 


| 
parts of the growth disclosed spindle-shaped cell nuclei in streams and whorls within a 
delicate, fibrillar ground substance (Figs. 4 and 5). In some fields the nuclei were large and 
vesicular with stellate cyvtoplasmie processes fading into the fibrillar ground substance. 
Coarse collagenous bundles were seen here and there. There were no areas of hemorrhage 
or necrosis. The growth seemed to originate from the perimuscular connective tissue of the 


wall of the stomach with an almost straight line of demarcation, No changes were noted in 


the muscular coats, subn Wosh, Or mMucOosA ot thre stomach overlying the rowth. 


P COM AEN’ 


The appearance of the growth and its gross and microscopic relations to 
the stomach strongly suggest that it arose from the connective tissue between the 
museular coat and the serosa as in the ease reported by Pendl.’ The benign 
nature of the growth is evidenced by its microscopie structure and noninvasive 
character. Since the growth remained well circumscribed, complete removal 


was feasible and a eure could thus be effected 


SUMMARY 


Fibroma of the stomach was successfully removed from a 17-vear-old Negro 


eirl, This is believed to be second largest such erowth on record, 
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Surgical Technique 


PECTORAL MYOPLASTY FOR CLOSURE OF RESIDUAL 
EMPYEMA CAVITY AND BRONCHIAL FISTULA 


Herbert C. Marer, M.D., AaNp Raymonp K. J. LUOMANEN, M.D. 
New YorK, N. Y. 


From the Chest Service, First Suraical Di ISion, Bellevue Hospital and the Department of 


Surgery, ¢ olleaqe of Phus ans and Surgeons, Co umbia University) 


aap pectoralis major muscle meets the anatomic requirements for a success 

ful mvoplasty. It is useful in completing the obliteration of apical chronie 
empyema ¢avities in conjunetion with thoracoplasty. Sueh a procedure may 
be emploved when decortication is not feasible or when a chronic empyema 
follows pulmonary resection. This type of myoplasty may also be utilized to 
close a bronchial fistula following lobectomy of the upper lobe or pneumonec 
tomy. The pectoral muscle may oceasionally be employed as a ‘‘fill’’ for a 
residual apieal intrapulmonary cavity without epithelial lining when pulmonary 
resection is contraindieated. Of the various muscles which we have emploved 
during the past ten Veatr's for plastic closure of intrathoracic defeets, the 
pectoralis major has proved to be the most satisfactory. In some eases the 
pectoralis minor muscle was also employed. Pectoral myoplasty has been per- 
formed sporadically in the past but the technique then employed often led to 
unsatisfactory results. The method which we are describing was originally 
suggested to us by Dr. Frank Berry. The procedure has now been employed 
in over twenty patients with good results. 

Certain fundamental principles must be observed in the utilization of the 
pectoral muscles for obliteration of a residual pleural or intrapulmonary e¢avity. 
The cavity which is to receive the muscle graft must be relatively clean. Failure 
of healing with loss of musele may follow an attempt to place the musele in an 
unprepared cavity. It is usually best to perform the myoplasty at a seeond 
operation, the eavity having been drained or unrooted at the time of the first 
procedure. Unhealthy granulation tissue in an empyema eavity should be re 
moved with gauze or curette. All recesses of an empyema eavity should be ex- 
plored and laid open in order that no sinus leading from the main part of the 
cavity may later cause a localized abseess. Antibiotics are administered paren- 
terally in the preparation of the patient for operation. 

That portion ot the pectoralis major muscle whieh has its origin from the 
sternum and chest wall is freed by blunt dissection in the axillary region (Fig. 
1). The upper fibers which extend from the clavicle to the humerus are not 
included. The attachment of the freed portion of the musele to the humerus is 


severed. The origin of the muscle from the ehest wall is not disturbed. If the 
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pectoralis minor is also emploved in order to obtain a little additional muscle, 
the insertion on the coracoid process is the end which is usually mobilized, but 
In some cases it may be best to sever the costal attachment and use that end. 
Oceasionally the pectoralis minor may be utilized to fill the narrow apieal por- 
tion of an empyema cavity or to suture over a bronehial fistula while the 


pectoralis major is placed in the main part of the empyema eavity. 




















Fig. 1] The axillary portior f the pectoralis major muscle is exposed. That part of the 
muscle which is to be employed for the myoplast has been bluntly separated from. the 
Clavicular fibers. The broken line indicates the site of section of these muscle bundles close to 
their humeral attachment. 

1, Insert shows usual skin incision which may be modified because of previous incisions 
Sears which cause xillary contraction should be avoided. 


Mobilization of the muscle employed for the graft should involve minimal 
disturbance of the nerve supply. It is essential that the blood supply be 
adequate. When the musele is inserted into the space which is to be obliterated, 
the musele should be in contact with the inner wall of the cavity; tenting of the 
muscle across the upper part of the cavity is to be avoided. Splitting of the 
pectoralis major along the course of the musele bundles into two or occasionally 
even three components may permit better placement within the cavity. When 
a relatively large empyema cavity is present, it is preferable to fill one part of 
the cavity adequately rather than to spread the muscle over too large an area. 
The sutures which are emploved to maintain the muscle in proper position 
should be so placed as to minimize interference with the blood supply to the 
muscle and to avoid tenting and tension (Fig. 2). The local use of penicillin or 
streptomycin is frequentls indicated. Drains should be so placed that they do 
not interefere with adherence of the mugcle to the walls of the cavity. Hema- 


tomas and collection of serum under the flap should be avoided as much as 











SURGICAL TECHNIQUE 


It is often best to close the outer part of the wound relatively loosely 


possible. 


to permit a free escape of blood and serum. The application of a firm pressure 


dressing is an essential part of the procedure. The pressure dressing is some 
times more helpful than the sutures in maintaining the muscle in proper position 


during the healing period. We prefer not to remove the original dressing for 


seven to ten days even though profuse drainage may occur and in spite of 
the facet that the dressing will sometimes become quite odorous. If the drain 
is to be removed before the first change of dressing, heavy silk sutures should 


he attached to the drain and brought out through a corner of the wound so that 


it can be extracted without complete change of dressing. Adequate doses of 
antibiotics in the postoperative period are most important since the operative 


procedure is usually performed in a grossly contaminated field. 
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Fig. 2.—The mobilized axillary portion of the pectoralis major muscle has been turned back- 
muscle in place. 


ward and inward. Several interrupted sutures have been inserted to hold the 


Some dissatisfaction with pectoral myoplasty expressed in the literature 


is due to mobilization of the origin rather than the insertion of the muscle. 
Because of its contour, the portion of the pectoralis major which is attached to 
the chest wall is quite unsatisfactory for a myoplasty. Moreover, when the 
muscle is left attached to the humerus, motion of the arm will tend to displace 
the graft. There are numerous advantages from an anatomie standpoint in 
dividing the insertion rather than the origin of the pectoralis major muscle when 
employing it for a pedicle muscle graft. The blood supply from the thoraco- 
acromial and internal mammary vessels is preserved. The nerve supply from 
the medial and lateral anterior thoracic¢ nerves is not interrupted. The pectoralis 
major, being a bilaminar muscle, can be unfolded and thus fill a large, shallow 
cavity. If a smaller, deeper cavity is to be filled, the musele is best used in 
its original form. The humeral end of the pectoralis major sontains some 


tendinous parts which ean be utilized for anchoring sutures. Ilowever, since 


muscle fibers constitute the major portion of the humeral end, the apex of the 
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cavity is filled mainly with vascular musele tissue rather than avascular ten 
dinous strands. Motion of the arm ean be resumed immediately following opera 
tion since traction on the graft will not oceur. No interference with arm fune 
tion results from the detachment of the insertion of the pectoral muscles even 
though the trapezius, rhomboids, and latissimus dorsi have been divided during 
the performance of a thoracoplasty at previous operations through a posterior 
parascapular incision. 

The pectoral muscle has been employed particularly to complete the oblitera- 
tion of tuberculous empyema cavities. In most instances an extrapleural or 
Schede thoracoplasty had already been performed at previous operations. When 


the residual empyema cavity is in the midaxillary or upper anterior thoracic 


region, the pectoral musele is ideally located for grafting. If the empyema 
cavity is located posteriorly, the pectoralis major can still be emploved provided 
that the anteroposterior distanee has been reduced by an extensive thoracoplasty 
which has ineluded removal of the anterior ends of the upper ribs. If the 
anterior rib segments remain, the pectoral musele may not reach the empyema 
cavity because of the increased distance which must then be traversed. 

When the pectoralis major muscle is employed to aid in the obliteration 


the lower border of 


of an intrapulmonary eavity, usually only a portion of 
muscle is required. That amount of musele which is needed is freed from its 


humeral attachment and split away from the remainder of the muscle. 


SUMMARY 


The pectoralis major provides a Vers satisfactory muscle pedicle for plastic 
obliteration of residual empyema cavities when the insertion is detached from 
the humerus. The muscle may also be emploved for closure of some bronehial 
fistulas. The method advocated permits good mobilization of the pectoralis 


major muscle without interference of the blood or nerve supply. This type of 


mvoplasty has been emploved In more than twenty patients with good results. 











Editorial 


Some Aspects of the Problem of Cancer Research 


Hike clamor about cancer, steadily increasing as it is, disturbs the con- 
f petinns physician, pleases the investigator, and confuses the public. 
Two grounds for it are apparent: cancer is dreaded and feared by all, while 
at the same time it represents a peculiar challenge to the medical scientist. 
A more important reason for emphasis on the problem, although one often 
overlooked, is the fact that substantial progress toward the more adequate 
control of cancer in human beings is steadily being made. 

Popular interest in cancer study has been focused principally on the 
programs in fundamental research which are now under way on an extensive 
national scale. These provide particularly convincing evidence of the increas- 
ing pubhe realization of the value of investigation to medicine and of a gen- 
eral willingness to contribute to its support. 

Important as basie studies are, however, and as clearly as their results 
indicate revolutionary discoveries to come, they obscure somewhat the ex- 
traordinary progress which is being made today in the practical control of 
caneer in man. In no other field of ehronie disease is advance so rapid, and 
in no other is the breach of misunderstanding so great between the workers 
in fundamental and those engaged in applied studies. 

The care of patients with cancer is viewed, quite properly, as a funetion 
of the medieally trained man. Some see it, indeed, as the exclusive property 
of the surgeon. But it is not and clearly cannot be the sole area of any one 
discipline, because of the rapidly increasing complexity of medical proceedure. 
Accurate and early diagnosis depends upon the competence of the cytologist, 
the physicist, and the edueator quite as much as it does on that of the prae- 
titioner. Curative treament, still primarily surgieal, is undergoing a major 
metamorphosis, in small part only beeause of better handicraft and to a 
greater extent because of the work of the bacteriologist, mycologist, ehem- 
ist, and physiologist. 

The study of cancer, conventionally done in lower forms in contrast to 
its clinical care and study in patients, is considered, correctly, to be a problem 
in tissue and eellular growth, both normal and abnormal. Unfortunately, 
in this field, the fundamental scientist feels that he has sole rights. As a 
result of this concept he views practically every branch of natural science 
as pertaining to the eaneer problem. Then, since substantial funds are avail- 
able for eaneer research, every scientist contends vigorously that his study 
iS a proper and deserving financial beneficiary of them. This would not be 
f the 


troublesome were there enough funds to go around, but this is out « 


question since general scientific programs can absorb almost any amount of 
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money. Hence, it becomes very difficult under existing circumstances to sand- 
wich in the work which should and does bring the advances of basie research 
to bear on the problems of clinical eancer. It is assumed, mistakenly, that 
the concurrent existence of new basie knowledge on the one hand, and of 
desperate problems of disease on the other, will automatically, by some sort 
of spontaneous combustion, generate new and appleable discoveries. Al- 
though this is certain to occur eventually, too often it is long deferred unless 
vigorously catalyzed. Delay cannot be tolerated in the solution of major 
problems of public health. 

It becomes, then, the function of medicine to examine the facts carefully 
and to decide on the basis of detailed study what will lead most rapidly to 
further progress. If this is done concerning the cancer problem, an extremely 
interesting development is to be seen. When adjusted for the average age of 
the population, the death rate is dropping perceptibly for cancer in general 
and dramatically for cancer of certain sites.* This is perceived, however, only 
if the figures are corrected, since the trend is masked by the upturn in the 
total number of deaths from cancer due to the steadily and rapidly increasing 
age of the individuals who die. One exception to this general rule is at hand 
in cancer of the lung. 

Since real progress is being made, a knowledge of the factors responsible 
for it should provide a reliable basis for the planning of future work in such 
a way as to permit even more rapid and impressive advance. It is clear that 
the gains made so far are not due to a better understanding of the funda- 
mental cause of cancer in human beings. This is essentially as obscure today 
as it was two centuries ago. Headway has been made because of two simple 
basie concepts developed through long and hitter experience, These are that 
the only good cancer is one which has been wholly extirpated, and that the 
ability to remove it completely increases rapidly with early diagnosis. These 
are not very complex principles. They appear, indeed, to be obvious, but it 
is astonishing how frequently they are overlooked as bases of policy. Late 
diagnosis and incomplete surgical procedures are still the greatest friends of 
death from neoplastic disease. 

Earlier recognition is being accomplished through publie and professional 
education and the development of new diagnostic procedures, Krom the re- 
sults of one study? it appears that delay is one-half as frequent today as it 
was eight vears ago. Treatment is being instituted very much earlier for some 
sites, notably breast and uterus. 

(‘ure rates as a result of surgery have increased substantially for many 
forms of cancer. Surgical technique improves constantly, but more important 
still, fundamental knowledge derived from fields apparently wholly unre- 
lated to cancer is expanding enormously the scope of effective treatment. To- 
tal laryngectomy is an old procedure formerly attended by prohibitive mor- 


KExnceouraging Trends in Cancer Mortality, Statist. Bull. Metrop. Life Insur. Co. 26: 1-3, 


jLeach, J. E., and Robbins, G KF, Delay in the Diagnosis of Cancer, J. A. M A. 
35: 5-8, 1947. 
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lity; now it is routine and without significant hazard if in good hands. To- 
| cystectomy with ureterocolic anastomosis for bladder cancer is now stand- 
rd in some clinies and should vield cure rates of over 40 per cent, in contrast 
to the unsatisfactory figure of 6 per cent obtained by irradiation or less com- 
ete procedures. Radical surgery for cancer of the pelvic viscera is now 
ustified by its results, whatever the opposition to it may be. These pro- 
cedures are possible because of the application to cancer surgery of advances 
physiology, biochemistry, pathology, and bacteriology. 

Perhaps it would be well for those charged with responsibility for the 
decisions regarding the support of cancer research to realize that the mortal- 
itv from the disease is real and very substantial. Many of these patients die 
with cancer wholly localized and susceptible to surgical removal by radical 
procedures. This is particularly apparent for cancer of the bladder as shown 
by the studies of Jewett,* and for uterine neoplasms from the observations 
of Bonnevy.1 The cure or substantial palliation of these patients bv extensive 
operative techniques is a complex matter involving the most adequate applica 
tion of the best methods of modern physiologie science, but it can be done. 
Much room for improvement and further lowering of operative mortality re- 
main. These will come, for the present, from the work of the laboratory 
closely integrated with the treatment of cancer in man. Ilere is an area of 
investigation, not adequately financed or staffed at the present time, which 
is certain to achieve substantial reward in terms of lives saved. It merits as 
serious consideration and support, as much dignity and stature as the impor- 
tant but supposedly more basic studies. Neither scientific area is exclusive 
of the other; they are mutually complementary and, if so conducted, impor- 


tant advance is certain to resuit, measurable factually in terms of lives saved. 


C.P. Rhoads, M.D. 
New York, N. Y. 


*Jewett, H. J.: Infiltrating Carcinoma of the Bladder; Application of Pathologic Observa 
ons to Clinical Diagnosis and Prognosis, J. A. M. A. 184: 496-500, 1947. 
jBonney, V.: The Results of 500 Cases of Wertheim’s Operation for Carcinoma of the 


‘ervix, J. Obst. & Gynaec. Brit. Emp. 48: 421-435, 1941. 

















Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOCK, M.D. 


THE SURGICAL SIGNIFICANCE OF DISSECTING AORTIC 
ANEURYSMS 


ALEXANDER Bian, ILI, M.D... AND FRANCIS S. GERBASI, M.D., Derrorr, Micu. 


(From the Departme nt of Surgery, the Aleranden Blain Hospital) 


ISSECTING aneurysm is a disease produced by the dissection of the wall 
D of a large vessel, usually the aorta, by blood. The intima and inner por- 
tion of the media are separated from the outer media and adventitia. This 
lesion ordinarily occurs as an acute process and gives rise to diffuse and 
protean clinical manifestations. The pathogenesis of this lesion has been 
discussed previously! and need not be considered here. 

Pathologists have recognized dissecting ahneuryvsin since Laennee VAVE 
the first description of this disease. In recent vears, internists, and especially 
cardiologists, have become more aware of its existence. Indeed, now some 
30 per cent of dissecting aneurysms are diagnosed ante mortem. 

Because we have seen this disease produce symptoms which appeared 
surgical in nature, in our own experience, we believed it worth while to re 
view the recent literature in an attempt to determine the incidence of mis 
taken surgica’ diagnoses made in this primarily nonsurgieal disorder. 

As the tf owing study shows, the time has arrived when surgeons, too, 
must be familiar vith this entity in order that unnecessary and futile opera- 
tions may he avolaed. 


METHOD 


All the eases of dissecting aortic aneurysms, in the American literature 
from 1936 through 1947, reported in sufficient detail to inelude a differential 
diagnosis were analyzed. Those diagnosed as surgical diseases and those in 
which the diagnosis of surgical disease was considered in the differential diag- 
nosis were studied in detail. The leading symptoms, ante-mortem and_ post- 
mortem diagnosis, treatment, if any, and the extent of the dissection were 
noted. 


ANALYSIS OF CASES 


In the past eleven vears, there have been 275 cases of dissecting aneurysms 
reported in detail sufficient for study. Thirty-six cases, or 12.9 per cent, were 
confused with or diagnosed as surgical disease. There were innumerable cases 
reported where surgical disease must have been considered because of the sl2ns, 
symptoms, laboratory work, and x-ray findings, but since there was no mention 
of surgical disease in the differential diagnosis, these cases were not ineluded 
in our study. Twenty-one of these thirty-six cases, or 7.6 per cent of the total 
number of cases, were diagnosed as surgical diseases. In the remaining fifteen 
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ses, 0.6 per cent of the total number, surgical disease was considered in the 
lifferential diagnosis. Of the twenty-one cases diagnosed as sureical emergencies, 

even patients, or 52 per cent, underwent unnecessary operative procedures, 
either for diagnostic purposes or for treatment of the disease diagnosed. In 
me patient (Case 12) in whom surgical disease was considered in the dif- 
erential diagnosis, a surgeon would have performed an early but useless 
yperation if the internist had not insisted on the correct diagnosis. 

The diseases considered in the differential diagnosis or mistaken for a dis- 
secting aneurysm included (Tables I and IL): Embolus of iliae artery, thrombus 
of femoral artery, acute surgical abdomen, kidney tumor or nephrolithiasis, 
pulmonary or mediastinal tumor, pancreatic or mesenteric eyst, subdia- 
phragmatie abscess, and embolus of the brachial artery. 

The operations performed (Table 1) ineluded emboleetomy, lumbar 


sympathetie block, abdominal exploratory laparotomy, and bronchoscopy. 


TABLE I. SurGIcAL DISEASES MISTAKEN FOR DISSECTING ANEURYSM 


DISEASES OPERATIONS, 1 ANY 


Embolus of iliae artery 2 


a) Emboli in both iliae arteries Bilateral embolectomy l 
b) Embolus in right common iliae Embolectomy of right common iliac 
artery ] 
Thrombus of femoral artery 2 Emboleetoniy l 
Lumbar sympathetic 1] week l 
Pyelonephrosis and nephrolithiasis ya 
Pulmonary neoplasm l Bronchoscopy l 
Mediastinal tumor, thymoma, or lympho 
blastoma l Biopsy of axillary lymph node l 


Ruptured peptic uleer or ruptured ap 


pendix l Right paramedian incision appendectomy = 1] 
Pancreatic or peritoneal cyst l Exploratory laparotomy l 
Ruptured appendix l Exploratory laparotomy l 
\cute pancreatitis l Exploratory laparotomy l 
\bdominal mass | 
Renal colie l 
Subdiaphragmatie abscess or ruptured 

viscus l 
Kmbolus of right brachial artery l 
Partial intestinal obstruction | 
Gastrointestinal malignaney l 
Renal tumor , 2 Exploratory laparotomy l 
Ruptured bowel l 

Total yA 11 

Total number of cases studied 278 
Total number of cases diagnosed as surgical disease 2 7.6% 


TABLE II. SuRGICAL DISEASES CONSIDERED IN THE DIFFERENTIAL DIAGNOSIS 


DISEASES NUMBER 
Acute abdomen: 6 
Acute pancreatitis, cholecystitis, or perforated ulcer 
Perforated peptic uleer 3 
Nephrolithiasis or kidney tumor f 
Subdiaphragmatic abscess l 
Mesenteric thrombosis l 
Total i) 


Total number of cases in which surgical disease was considered 
in the differential diagnosis 15 (5.4% 
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CASE REPORTS 
( ases of Dissec fing Aorta Ane UrYSHLS Diagnose d as Surgu al Disc as¢ 


CASE 1.—MeGeachy and Paullin,? 1937, 


Leading symptoms, \ od-veal old Negro, while stepping into his ice wagon, suddenl 
seized with a severe angonizing pain beneath sternum and radiating to right lower abdomina! 
quadrant, also to back and right arm, Fell to street and because of weakness of right ar 
and leg, could not walk. Was carried to hospital. Admitted to surgical service ith dia@nosis 


of renal colic. 

Physical examination: Well-developed, well-nourished man with temperature of 97° F.; 
pulse, 60; respiration, PS; blood pressure, L60/S0., Hleart: Enlarged to left, no murmurs 
uinal region and left femoral artery pulsating 


VIgorousiy 


Systolic thrill and bruit over left ing 


No pulsations in any of vessels of right leg. Abdomen: Flat, with board-hke rigidity; 
marked generalized tenderness especially in right lower quadrant and right inguinal regior 
where soft irregular tender mass was felt, apparently beneath the skin. Deep reflexes absent 
in right leg. Skin of the right leg cold and clammy. Later diagnosis of dissecting aneurysn 


with compression of right iliac artery made. Had fairly comfortable night and died suddenly 


next day. White blood cells, 14,140; red blood cells, 2,090,000, Spinal fluid under slightly in 


creased pressure. Chest x-ray showed cardiac enlargement and enlargement of thoracic aorta 
no definite aneurysm 

Differential Diagnosis.—Renal colie (made on admission to surgical service) ; dissecting 
aneurysm. 

Ante-mortem Diaa OSIS. Dissecting aneurysm. 

Treatment. Symptomatic. 

Extent of Dissection.—A 3 em. transverse tear 1 cm. above valve cusps. Dissection in 
eluded left carotid and subclavian arteries and down to and including right iliac artery. 
Blood had escaped behind pleural spaces and extended retroperitoneally into right inguinal 
region. 

Comment. Admitted to Surgical Service with diagnosis of renal colic, yingnosed as dis 


secting aneurysm prior to deat 


CASE 2.—Glendy, Castleman, and White, 1937. 

Leading symptoms.—A 52-year-old white male, laborer, past history incomplete. Known 
to have had generalized abdominal pain with nausea and vomiting for three days prior to 
entry. Subsequently, had precordial pain. Because of tender distended abdomen, was sent 
to hospital for surgical consideration. No record of blood pressure before entry. 

Physical examination: Found to be acutely ill with pulse, 140; temperature, 101.6° F 
respiration, 34. Heart and lungs said to be normal. Blood pressure, 108/60. Abdomen: 
Very stiff and ue nerally tender, but not more on one side than other. Reflexes normal. Before 
exploratory laparotomy could be done, he went into shock, blood pressure falling to 40 
systolic. Sank rapidly into coma and died in spite of blood transfusion and other intravenous 
therapy. Terminal white blood cells, 34,000. X-ray film of abdomen gave no significant 
information. 

Differential Diagnosis.—Generalized peritonitis, probably due to ruptured appendix. 

Ante-mortem Diagnosis.—Generalized peritonitis, probably due to ruptured appendix, 

Extent of Dissection—A 4 cm. transverse tear in intima 1.5 em. above aortic ring with 
dissection of entire aorta down to iliacs. Proximal dissection into myocardium around right 
coronary orifice. No external rupture. 

Comment.—Died before exploratory laparotomy for generalized peritonitis, believed 
probably due to ruptured appendix, could be done. From history and physical report, 


diagnosis of dissecting aneurysm could not have been suspected. 


and White,!2 1937. 


Leading Symptoms. \ 44-year-old white man, salesman, while walking suddenly seized 


CASE 3.—Glendy, Castleman 


with severe pain over posterior aspect of right shoulder, which spread to left shoulder, down 
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iterolateral aspects of chest on both sides, down sides of abdomen, and finally settled and 
emained with greatest intensity in both lower abdominal quadrants. Legs became numb and 
ld, skin over them blue, and slightest movement caused great pain in right leg. 
Physical cramination: Patient obese, unable to walk, and in moderate shock. Marked 
liac enlargement with blowing systolic apical murmur. Rate regular at 104; blood 
ressure, 190/110. Lungs: Clear. Abdomen: Tympanitic. Both legs cold, later left leg 
varm again. Absent arterial pulsations and absent sensation, right leg. Embolectomy, right 
ommon iliac artery, 16 hours after onset. Clot 8 inches in length was removed but blood 
iiled to flow from proximal segment. Condition poor and blood pressure 100/50, postopera 
tively. Developed pulmonary edema and died 36 hours after onset. Total hematuria in 


atheter specimen of urine taken on arrival at hospital. No other laboratory studies reported. 


Differential Diagnosis.—Embolism of right common iliae artery (Surgical Service) ; 
issecting aortic aneurysm (cardiac consultant 
Ante-mortem diagnosis.—Embolism of right common iliae artery (Surgical Service) ; 


ssecting aortic aneurysm (cardiac consultant) 

Treatment.—Embolectomy, right common iliae artery. 

Extent of Dissection—A 5 cm. transverse tear at junction of arch and descending 
portion of aorta. Dissection down into left common iliac where it ruptured back through 
the intima into the lumen. An 8 mm. dissection into media of left renal artery. 

Comment.—Died after embolectomy (right common iliac). Although patient operated 
upon for embolism by surgical service, diagnosis of dissecting aneurysm was made by 


eardiae consultant. Whether this diagnosis was made pre- or postopératively is not stated. 


CASE 4.—Glendy, Castleman, and White,!2 1937, 

Leading Symptoms.—A 51-year-old white man, teacher, seized with sudden, terrific, but 
lull pain over entire lower abdomen quickly spreading to both legs, chest, and shoulders. 
Within ten minutes was paralyzed from waist down. Numbness began in feet and rapidly 
ascended to point just above the symphysis pubis. Chest and shoulder pain rapidly disap 
peared but lower abdominal pain persisted. Pale, ashen cyanosis, with complete flaccid 
paralysis of both legs on physical examination. Feet and lower legs waxy, white, and cold. 
Skin above this to symphysis pubis bluish red and cool. Absent arterial pulsations bilaterally. 
Sensation and reflexes absent in lower extremities. Abdomen not tender nor distended. 


220 systolic; pulse, 90 to 120; respirations, 20; systolic and diastolic murmurs 


Blood pressure 
all over precordium, loudest at base. 
Differential Diagnosis. Embolism, iliae arteries, bilateral. 
Ante-mortem Diagnosis.—Same as differential diagnosis. 


Treatment.—To operating room for proposed iliae embolectomy. Died during embolee- 
I a pro} R ~ 


Extent of Dissection T-shaped tear in intima 1.5 em. above aortie cusp with dissection 
if media of whole aorta to 4 em. above its bifureation where massive clot within wall of 
vessel occluded lumen. 

Comment.—Died on operating table during course of proposed embolectomy, iliae. 
Diagnosis could have been suspected because of nature of pain, presence of high blood 


1 


pressure, neurological findings, and peripheral vascular changes. 


CASE 5.—Hargrove,13 1939, 

Leading Symptoms.—A 56-year-old Negro man, farmer, admitted April 30, 1935, com 
plaining of generalized abdominal pain. Became ill at 2 P.M. on April 29, with sudden 
substernal pain radiating to back between shoulder blades, to abdomen and thighs. Im 
mediately felt weak. Became dyspneic and had cold perspiration. Vomited shortly after 
vard. Pain continuous throughout night. On admission, had generalized agonizing ab 
lominal pain with radiation to thighs. 

Physical examination: Well-nourished man in great pain and very dyspneic. Com 
fortable in sitting posture. Pulse, 58; blood pressure, 220/100; respiration, 22; temperature, 


normal. Respirations labored and restrained. Chest: clear. Heart: enlarged to left and 














~ 


632 SURGERY 


systolic aortic murmur present. Abdomen: Very tender, reducible umbilical hernia, especially 
along upper right margin of its opening through abdominal wall. No abdominal distention 
or rigidity. X-ray view of gastrointestinal tract, negative. White blood cells, 8,000; Kahn, 
negative. Diagnosis of acute abdomen, ruptured appendix, or ulcer made. Appendectomy 
done under spinal anesthesia. On seventh postoperative day, complained of severe precordial 
pain, thought to be angina, and died suddenly on tenth postoperative day. 

Differential Diagnosis.—Acute abdomen: ruptured appendix or peptic ulcer. Angina 
pectoris. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Appendectomy through right paramedian incision. 

Extent of Dissection.—In arch of aorta at level of origin of left subclavian and com- 
mon carotid arteries, there was a dissecting aneurysm which extended downward into 
anterolateral aspect of aorta, throughout length of aorta, and left common iliac artery. There 
was long slightly irregular longitudinal slit in the intima extending into the media, com 


mencing at origin of left subclavian artery and extending downward for 5 em. There was 


transverse extension from this for 1.5 em. Dissection occurred in the plane of media, creat 

ing false passage admitting two fingers. There was rupture of aneurysm at its beginning into 

left pleural cavity. Numerous atheromatous plaques scattered throughout aorta. 
Comment.—Diagnosis could have been suspected because of nature of pain associated 


with faintness and vomiting, presence of high blood pressure, and enlarged heart. 


CASE 6.—Holland and Bayley,!° 1940. 

Leading Symptoms.—A 46-year-old Negro man admitted March 3, 1939. Several days 
previously was seized with sudden pain in lower abdomen radiating into right leg. At same 
time, noted mass increasing rapidly in region of right femoral canal. Abdominal pain sub 
sided before admission. Pain in leg persisted and motion was impaired. 


Physical examination: There was large, tender, firm, pulsating mass, just inferior to the 


medial third of the right inguinal ligament. Right thigh and leg cold and clammy. No 


arterial pulsations palpable. Urine, negative; Wassermann, negative; white blood cells, 12,500. 
Diagnosis of thrombosis of right femoral artery made and lumbar sympathetic block done. 
-atient died within two hours. 

Differential Diagnosis.—Thrombosis of right femoral artery. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Lumbar sympathetic block. 

Extent of Dissection—Primary transverse tear of ao:tic intima located 2.5 em. from 
aortic valve and encircled entire aortic lumen. Dissection extended proximally and distally 
over entire length of aorta. Secondary rupture into the right thigh, 7 em. below inguinal 
ligament and into pericardial cavity. 

Comment.—History and physical insufficient for diagnosis. However, when there is 
sudden onset of signs of occlusion of peripheral vessel and no reason to suspect embolus or 
thrombus as auricullar fibrillation, myocardial infarction or trauma, one should be suspicious 


of dissecting aneurysm. 


CASE 7.—Stevenson,!4 1938. 

Leading Symptoms.—A 46-year-old farmer’s wife, treated with opiates for past two 
years for pains resembling renal colic. Diagnosis of pyelitis and nephrolithiasis made by 
family doctor. In August, 1937, had pain in loin radiating into pelvis. Pain persisted for 10 
be thin 


days, becoming progressively more severe. On hospitalization, patient found te 
woman, weighing 100 pounds, in acute distress. Temperature, 101° F.; pulse, 120. Large 
soft solid mass filled whole left groin, extending from costal margin to below crest of the 
ileum with lower rounded border overhanging pelvis, and extended also to midline of the 
abdomen. Red blood cells, 1,300,000; hemoglobin, 28 per cent; white blood cells, 36,200, with 


polymorphonuclears predominating. Stimulants and intravenous therapy of no avail. Patient 


died several hours after admission. 
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Differential Diagnosis. Large pyelonephrosis with nephrolithiasis. 
Ante-mortem Diagnosis.—Same as differential diagnosis. 


Treatment.—Stimulants and intravenous therapy. 
Extent of Dissection.—Clot extended from arch of aorta down to pelvis. Small slit 


junction of right aortic fifth intercostal artery was present. Opening was one-fourth inch 


? 
on 


» and extended through the intima and media. Thoracic aorta contained numerous 
atheromatous plaques and its diameter larger than normal. Surrounded by laminated clot, 
1 to 2 em. in thickness. Clot lay between media and adventitia. 

Comment.—Cause of death, hemorrhage through dissecting aneurysm of the thoracic 
aorta. Opening of aneurysm was so small as to allow only repeated small hemorrhage. Con 
lition existed for months, as evidenced by laminated clot. Only small amounts of fresh blood 
were able to trickle along path between the coats of aorta and through aortic opening into 
left retroperitoneal subdiaphragmatie space. From history and physical given, diagnosis of 


dissecting aneurysm could not have been made. 


CASE 8.—Roach,15 1939. 

Leading Symptoms.—A 52-year-old white woman with a past history of diabetes mellitus 
and peptic uleer; took insulin. Gastrointestinal studies in 1927 showed hesitation of barium 
passage at lower end of esophagus as if there were constriction, Patient all her life was trou 
bled with abdominal pains and distress. In 1928, and 1931, had episodes of hemoptysis. Ad 
mitted in May, 1937, complaining of severe paroxysms of pain in abdomen and back for past 
year. Pain in back was felt at different levels but radiated up as high as the angles of the 
scapulae and down well into the lumbar region. The attacks were severe and occurred at irreg 
ular intervals, frequently when eating. They lasted variable times, up to two hours. Lately 
had vomited with the pains. 

Physical examination: Fairly well-nourished woman with moderate sclerosis of retinal 
and peripheral arteries. Lungs and heart normal. Blood pressure 170/80. Abdomen: 
Marked tenderness of epigastrium aud upper part of abdomen; marked muscle spasm in this 
area. Pulsations in legs equal. X-rays of dorsal and lumbar spine were negative. Wasser 
mann, negative. X-ray of stomach revealed medium residue in the cardiac end of stomach. 
Barium entered stomach freely. Extraneous to stomach along lesser curvature was 
palpable mass which elicited much pain with pressure. Duodenal bulb deformed due to mass. 
X-ray revealed nonfunctioning gall bladder. Patient continued about same with irregular 
periods of pain, and on January 20 she vomited a large amount of blood and died within 
few minutes. 

Differential Diagnosis. —Abdominal mass. 

Ante-mortem Diagnosis.—Not mentioned. 

Treatment.—Symptomatic. 

Extent of Dissection.—Not mentioned. 

Comment.—The stomach, duodenum, and jejunum were filled with blood within 15 
inches of ileoceecal valve. No ulceration or free bleeding point found, Large clot in dis 
secting aortic aneurysm in contact with third portion of duodenum, This had eroded through 
duodenum and massive hemorrhage had occurred. Aorta showed marked reaction in walls; 
arteriosclerosis and organizing clot. Correct diagnosis probably not possible from history and 


physical given. 


CASE 9.—Baker,16 1940. 

Leading Symptoms.—On Dee. 22, 1936, after retiring, patient was awakened with severe 
dyspnea and dull aching pain across upper chest. Remained dyspneic for several days. 
Dyspnea and dullness gradually cleared up. X-ray examination showed pleural effusion at 
left base and slight bulging of right mediastinal shadow. Blood pressure was normal. There 
was always a tendency to cough, some dyspnea, and easy fatigability until March, 1939. At 
that time, while working in the field, patient suddenly stricken with dull aching pain across 
upper chest as though ‘‘heavy weight’’ pressed down on him. He became extremely weak and 


legs felt paralyzed; no definite dyspnea and no radiation of pain. The onset was extremely 
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sudden and he was forced immediately to the ground. He crawled home. At that time 
he was very pale and weak. Later in evening, he became cyanotic and dyspneie and was 
taken to hospital. 

Physical examination: \cutely ill man, deeply cyanotie from the costal margins up 
ward. Cervical veins and veins over anterior chest and abdomen markedly distended. Mod 
erate hyperpnea, heart sounds not remarkable. Marked widening of mediastinal dullness; 
scattered rales over both lung bases. Blood pressure: 120/80 in arms and both radial pulses 
equal. Direction of blood in superficial vessels was reversed. At later examination, second 
aortic sound somewhat accentuated and soft blowing systolic murmur heard over this area; no 
diastolic murmur. Patient became more cyanotie and had severe coughing paroxysms as 
sociated with marked dyspnea. Complained of a constant pressure sensation in upper chest. 
Compensatory circulation became more evident. Bilateral hydrothorax developed. Pulses 
in lower extremities remained normal. Upper extremities edematous. Patient died April 17, 
1939, during severe coughing paroxysm. On March 21, 1939, mediastinal shadow was con 
sidered to be propably a tumor of vascular origin. Electrocardiogram showed negative T-1 
and negative T-2. White blood cells, 14,200 with normal differential. Biopsy of small ax 
illary lymph node normal. Blood Wassermann and Kahn, negative. 

Differential Diagnosis —Nonmalignant neoplasm, probably thymoma and aortic an 
eurysm., 

Ante-mortem Diagnosis.—Nonmalignant neoplasm; lymphoblastoma. 

Treatment. None mentioned. 

Extent of Dissection.—Situated 3 to 5 em. above sinus of Valsalva was a transverse 
laceration of the aorta measuring 6 em. On right aspect of this laceration was longitudinal 
tear extending upward for 5 em. This communicated with aneurysmal sac the size of a fist, 
which had descended downward between auricles and to some extent between aortie valve 
and pulmonary valve. It had encroached upon superior vena cava which was filled with ante 
mortem thrombus. 


Comment.—Anatomie diagnosis: dissecting aneurysm, ascending; thrombosis of su 


perior vena cava; edema of shoulders, arms, and neck; bilateral hydrothorax. Sudden onset 





of severe chest pain with collapse and vascular and x-ray changes were suggestive of correct 


diagnosis. 


CASE 10.—Reich,!7 1944. 

Leading Symptoms.—A_ 61 veal old white man with pain in chest radiating to back, 
lasted for two days. 

Differential Diagnosis.—Gastrointestinal malignancy or coronary occlusion. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Not mentioned. 


Extent of Dissection.—Tear just above aortic valve 3 em. in length. 


CASE 11.—Reich,17 1944. 

Leading Symptoms.—A 54-year-old white man with pain in L.U.Q. radiating upward 
for seventeen days. Mass felt in left flank. 

Differential Diagnosis.—Carcinoma of left kidney. 

Ante-mortem Diaqnosis.—Same as differential diagnosis. 

Treatment.—Not mentioned. 


Extent of Dissection. Retroperitoneal rupture at level of left kidney. 


CASE 12.—Reich,17 1944. 

Leading Symptoms.—A 72-year-old white man, pain over seventh thoracic vertebra radi 
ating to shoulder and abdomen for 8 hours. 

Differential Diagnosis.—Ruptured bowel; dissecting aneurysm. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Not mentioned. 

Extent of Dissection—Left hemothorax with tear from arch to below kidneys. 


Comment.—Sear of healed ulcer in anterior wall of stomach, 
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Case 13.—Reisinger,!8 1940. 


Leading Symptoms.—A. 50-year-old white man with a past history of acute nephritis 
For eight years he had peptic 


~ 


vith uremia 29 years ago. No record of high blood pressure. 


ileer. Six months before admission noted shortness of breath with slight swelling of ankles. 
Five days before admission, patient worked harder than usual. Next day, had knifelike pains 
n chest and dyspnea at rest. Pain improved for few days with sedation, but symptoms 
recurred with pain, nausea, emesis, extreme dyspnea, and palpitation. On admission, had 
Cheyne-Stokes respiration and was fibrillating; blood pressure, 160/40. Next morning, pain 
in chest relieved, heart regular, blood pressure, 148/116. Heart sounds distant. White blood 
cells, 17,250; red blood cells, 3.5; hemoglobin, 11.2 Gm.; nonprotein nitrogen, 46.1 mg. Urine, 


albumin in several specimens and few white blood cells and red blood cells. X-ray of chest: 


\reas of infiltration or consolidation in lung fields; aorta unusually wide to right with prom 
inent aortic knob; irregular dense shadow extended below the pulmonary artery. Heart: 
Not enlarged. Electrocardiogram showed evidence of myocardial damage but not charae 
teristic of coronary occlusion, Patient improved and went home after two months with weak 
ness, precordial pain, and dyspnea. Nine months later, had x-ray at bedside which revealed 
large shadow occupying two-thirds of the left side of thorax, rounded opacity projecting 
from eardiae and aortic shadow to right between second and fourth ribs anteriorly was noted. 
Diagnosis of tumor of lung made. Bronchoscopie examination was negative, but, neverthe 
less, x-ray therapy was given, and mass in left upper chest decreased in size. Right shadow 


remained unchanged. Patient continued to improve except for weakness and nausea at times. 
One week before death, complained of difficulty swallowing liquids, edema of ankles, and pain 
in chest. Had profuse hemorrhage from mouth and died. 

Lab. work terminally: Red blood cells, 1.9; hemoglobin, 7 Gm.; urine, albumin, and red 
blood cells in all urine; nonprotein nitrogen, 78.9 mg.; creatine, 2.2 mg. 

Media was split from beginning of aorta to arch with fissure extending up into great 
of arch and along thoracic aorta, two sacs were within 


vessels of neck. On posterior portion 
walls. One, extending to right in close apposition to esophagus and filled with laminated 
clot; other, projecting to left and containing fresher blood. No intimal tear present. Esopha- 
gus constricted by aneurysmal mass, and numerous punched-out ulcers were present in esopna 
geal mucosa which might have communicated with aneurysm. 

Differential Diagnosis.—Pulmonary neoplasm; dissecting aneurysm. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Not mentioned. 

Comment.—Correct diagnosis was only slightly suspected for patient was bronchoscoped 


and given x-ray therapy to ‘‘tumor.’’ 


CASE 14.—Held,19 1944. 

Leading Symptoms.—Nonsyphilitie 57-year-old man had following symptoms for sev 
eral weeks: Pain in left hypochondrium radiating to left side of chest, moderate elevation 
of temperature and increased breath sounds over base of left lung with diminished respira 
tory mobility of left chest. X-ray of chest, negative. Persistent pain in left lower chest 
and subdiaphragmatie region and fluoroscopic findings of high dome of left diaphragm with 
restricted mobility of left diaphragm led observers to insert needle into left subdiaphrag 
matic space. No fluid obtained. Several weeks later, patient suddenly went into shock. 
Ruptured viscus was suspected. Blood transfusion and other restorative measures failed and 
patient died within few hours. 

Differential Diagnosis.—Subdiaphragmatie abscess, ruptured viscus. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Transfusions. 

Kxtent of Dissection.—Not mentioned. Autopsy revealed ruptured abdominal aorta 
with diffuse bleeding into peritoneal cavity. Pathologist demonstrated slowly dissecting 
‘aneurysm had preceded rupture. 

Comment.—Diagnosis not possible from history and physical given, 
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CASE 15.—Leitch,11 1944. 

Leading Symptoms.—A._ 63-year-old white man, while at work, tried to lift heavy piece 
of machinery and developed sudden pain in back and weakness of right arm lasting one-half 
hour. A few minutes later, he collapsed and was taken to hospital. 

Physical examination: Patient in shock. Skin cold and clammy and mucous men 
branes pale. Respirations were rapid. Patient was fully conscious. Blood pressure: 190/90. 
Complained of weakness of right arm which was cooler than left, cyanotic, and had no pulsa 
tions. Heart sounds, distant but regular. Systolic and diastolic blow over precordium, Right 
carotid pulse palpable but no pulsations in axillary artery. Patient died one-half hour after 
admission. 

Differential Diagnosis.—Embolism of right brachial artery, pulmonary embolism. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment. Morphia. 

Extent of Dissection.—Dissecting aneurysm extended from base of heart down to and 
including 2 em. of each common iliac artery. There was horizontal tear of intima, 2 em, 
above aortic valve, and longitudinal tear of adventitia just above base of heart, with hem 
orrhage into pericardium. 

Comment.—Diagnosis could have been suspected because of sudden onset of pain with 


collapse, peripheral vascular changes, and high blood presure. 


CASE 16,—Clinicopathological Cases (Case 27292) ,20 1941. 

Leading Symptoms.—A 57-year-old housewife with hypertension of 4 years’ duration, 
systolic Za. Four hours before admission, smothering sensation developed in substernum 
without dyspnea, pain, or cough. One-half hour later, had gradually increasing pain and 
tingling in left leg followed by numbness, coldness, and paralysis of this extremity. Only 
transient tingling in right foot. 

Physical examination: Patient pale, apprehensive, anxious, and acutely ill. Heart en 
larged to left with systolic and diastolic murmurs heard best at base over aortic area. Regu 
lar rhythm. Blood pressure: 160/110. Oceasional moist rales heard throughout chest. 
Abdomen: Negative. Patient unable to move left leg which was cold and mottled pink 
below line drawn horizontally to lower margin of vulva. No pulsations of femoral, popliteal, 
posterior tibial, or dorsalis pedis arteries were felt. Pulsations present throughout right 
leg. Two and one-half hours after admission, patient could move left ankle but not toes. 
Leg was warmer and pulsations palpable in femoral artery just below profunda femoris 
branch. Three hours after admission, incision was made along left femoral artery below 
Poupart’s ligament under local. Patient died 9 hours after admission. 

Differential Diagnosis —Embolus of left femoral artery; hypertensive heart disease. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Embolectomy, left femoral artery. 

Extent of Dissection. In ascending aorta, several em. above valve, was T shaped in 
timal tear which communicated with dissecting aneurysm. External perforation occurred 
just below this region into pericardium which was full of fresh blood. Dissection continued 
down aorta and to left external iliac and femoral arteries to point 5 em, below Poupart’s 


= « 


ligament, at which point lumen was occluded by opposing intimal surfaces. 


Comment.—Diagnosis might have been suspected because of hypertension, nature of 


pain, and peripheral vascular changes. 

CASE 17.—Bauersfield,2 1947 

Leading Symptoms.—A 70-year-old white woman with no history of exertion prior to 
onset of slight epigastric pain with nausea and vomiting for three weeks. No dyspnea, no 
history of hypertension. Blood pressure: 118/75; no murmurs. Developed right hemiplegia 
with hyperactive reflexes which disappeared on second day. No chest x-ray or serology 
done. Flat plate of abdomen showed dilated loops of bowel representing partial intestinal 
obstruction. Blood cell count, normal. 


Differential Diagnosis. Partial intestinal obstruction. 
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Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Not mentioned. 

Extent of Dissection—Tear in the mesenteric artery 2 em. from its origin, extended up 
superior mesenteric artery for 5.5 cm. Moderate degree of arteriosclerosis. Thrombus found 
ecluding artery and produced gangrene in bowel. 

Comment.—Dissecting aneurysm of superior mesenteric artery. Patient died of gangrene 


of bowel with intestinal obstruction. 


CASE 18.—Reich,17 1944. 

Leading Symptoms.—A 44-year-old white man, complaining of severe pressing precordial 
pain, followed in one-half hour by radiation into left side of abdomen and into arms and legs. 
Pain was cramplike and associated with nausea and dyspnea. Has had episodes of cramp 
like pains in extremities for about three months. 

Physical examination: Tracheal tug and marked pulsations suprasternally. Heart en 
larged to left, regular rhythm, no thrills or murmurs. <A, accentuated. Blood pressure: 
210/185. Abdomen: Spasm of abdominal muscles. 

Lab. examination: Blood urea, 53; creatinine, 1.28; blood sugar, calcium, and Wasser 
mann, normal. Agglutination tests, negative. Blood cell count, normal. Three weeks after 
admission, patient complained of sudden discomfort in left chest and examination revealed 
massive pleural effusion on left with displacement of heart and mediastinum to right. Pa 
tient gradually weakened and died six weeks after admission. 

Differential Diagnosis—(1) Tuberculosis, (2) malignancy of lung, (3) dissecting 
aneurysm, (4+) nephrolithiasis due to hyperparathyroidism. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—No operation. 

Kaetent of Dissection.—Irregular tear *4 inch in length at junction of terminal portion of 
aortic arch and descending aorta. Adventitia was dissected off to point 1 inch above erura 
of diaphragm at which point another irregular tear of intima measuring 4% inch was noted. 
Intimal surface was smooth and elastic with only few yellowish plaques scattered through 
out. Superior tear dissected media into large space overlying mesial portion of left upper 
lobe. This space was filled with clotted blood. 


Comment.—Left hemothorax. 


CASE 19.—DeAngelis,?1 1948. 

Leading Symptoms.—A. 64-year-old white man, with severe recurring, radiating pain of 
three years’ duration. Pain described as ‘‘agonizing and viselike,’’ and began in epigastrium 
or lower substernal region and radiated over entire chest and back and down arms as far as 
finger tips, also, upward into head. Radiation fairly constant. At first these occurred at ir 
regular intervals after strenuous exertion and lasted only few minutes. Later, they became 
more frequent and severe, lasting thirty minutes or longer. For eighteen months a mass in 
abdomen was evident and increasing in size. 

Past history: Wistory of chronic atrophic gastritis with achylia gastrica, bilateral di 
reet inguinal hernia, hypertension, and severe arteriosclerosis. 

Present illness: Tall, thin, elderly chronically ill white man. Lungs: clear. Heart: 
enlarged to the left, normal rhythm, systolic and diastolic murmurs in aortic region, trans 
mitted along right sternal margin. Pulse, 76; blood pressure, 250/170; left arm; 256/174, 
left leg. Abdomen: Tumor size of grapefruit just below epigastric region, tense, immovable, 
not pulsating. No thrill, but inconstant systolic murmur audible. Direct inguinal hernia 
present on each side. Arteries, hard and tortuous. Blood cell count, normal. Wassermann, 
negative. Urine, occasional hyaline cast. X-rays: Gastrointestinal series, external pressure 
over lesser curvature of stomach; chest, enlargement of cardiac shadow especially left ventricu 
lar portion, and greatly dilated and tortuous aorta. 

During first five days in hospital, patient was up and about complaining of constant dull 


abdominal pain. Diagnosis of pancreatic or peritoneal cyst or possible abdominal aneurysm 
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of aorta was made. Last diagnosis apparently had little favor, for patient was operated 
upon and dissecting aneurysm found. No surgical procedure done. Patient died on third 
postoperative day after suddenly experiencing severe pain in abdomen. 

Differential Diagnosis.—Panereatic or peritoneal cyst, abdominal aortic aneurysm, 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Exploratory laparotomy. 

Extent of Dissection. Abdominal Cavity contained great quantity of coagulated blood. 
Abdominal aorta presented a large rent at its beginning, extended downward several centi 
meters beyond level of renal vessels. Entire vessel had been diffusely enlarged and antero 
laterally the wall showed sheath dissection from region above renal vessels to just above 
bifureation. Adventitial portion of aneurysm was over 10 em. in diameter and contained 
large laminated thrombus. At its proximal level, it communicated with lumen of aorta 
through large opening. Internal surface of aorta showed marked atheromatous degeneration 
and ulceration throughout, especially in abdominal portion. Small ulcers were also present. 
Thoracie aorta was markedly dilated and tortuous. 

Comment.—Correct diagnosis might have been suspected because of type of pain, ex 


istence of hypertension, and x-ray findings of greatly dilated and tortuous aorta. 


CASE 20. Henley and Gariepy,2° 1946. 


Leading Symptoms.—A 37-year-old white man, after a night of drinking, was awakened 


by severe chest pain about level of manubrium which gradually migrated to epigastrium. 
Relieved by morphine. Later in day was up and about. That night complained of generalized 


y 
ot 


abdominal pain and discomfort in costal regions. Could not void, and was catheterized, which 


afforded some relief. Early in morning of Jan. 28, 1946, abdominal pain became very severe, 


particularly on left side about kidney region. No knowledge of hypertension. Negative 


serology. 
Physical examination: Exsanguinated man. Blood pressure: 40/?; pulse, imper- 


ceptible; heart tones faint but regular; heart not enlarged. Chest, clear. Abdomen slightly 
distended; marked tenderness without rigidity in all quadrants. 

Lab. data: Red blood cells, 2.6; hemoglobin, 55 per cent; white blood cells, 27,350; 
urine, negative. Electrocardiogram, sinus tachyeardia; left axis deviation. Blood amylase 
and lipase, normal. Clinical diagnosis of acute pancreatitis was suspected. Given blood with 
no improvement; taken to operating room on Jan. 28, 1946, and under local anesthesia, large 
retroperitoneal hematoma was found. Patient developed severe shock and died 10 hours later. 

Differential Diagnosis.—Acute pancreatitis. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment. Exploratory laparotomy. 

Extent of Dissection.—There was a 1.5 em. transverse tear in posterior wall of aorta 
2 em. above aortic orifice. Apparently perforation extended into pericardial sac resulting 
in hemopericardium., Grayish-yellow plaques were found over entire intima of ascending 
aorta. There was complete dissection of entire thoracic aorta from site of intimal tear just 
mentioned. This resulted in production of one tube within another, which were separated 
from each other by small amount of blood. Dissection extended into great vessels of aortic 
arch. Abdominal aorta was likewise dissected. Dissection had extended into mesenteric, 
renal, and iliac arteries. 

Comment.—Anatomic diagnosis: Dissecting aneurysm of aorta extending into greater 
branches, atheromatous and medial degeneration of aorta, hemopericardium, cardiac hyper 
trophy and parenchymatous degeneration, moderate coronary sclerosis, bilateral serohemor 
rhagic hydrothorax, ‘‘nutmeg’’ liver and slight nephrosclerosis. Sudden severe pain in chest 
migrating to epigastrium might have made one suspicious of correct diagnosis, but other 


findings were not diagnostic. 


CASE 21.—Carlson, 1945. 
Leading Symptoms.—A 27-year-old soldier admitted three weeks after wound by enemy 


sniper bullet. Sullet entered site between third and fourth lumbar spinous processes and 
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ist slightly to right; wound healed. Patient had definite evidence of lesion of cauda equina 
nvolving mainly the lumbar group from 12 down to and ineluding all sacral nerves. Day 
fter admission he had sudden severe pain in right kidney region. Pain radiated anteriorly 
nto right flank and groin. No radiation into genitals. Pain aggravated by lying on right 
side and relieved by lying on back or left side. 

Physical examination: There was right costovertebral tenderness and tenderness in 
right side of abdomen. X-ray was negative for renal calculus. Considerable gas formation 
vas seen throughout entire intestines and particularly over right kidney region. Few days 
after occurrence of pain, patient passed some blood in urine. On tenth day, showed signs of 
hemorrhage with secondary anemia. Abdomen explored. Large pulsating retroperitoneal mass 
found. Not possible to ligate aorta below renal arteries, Diagnosis of dissecting aneurysm 


{ 
ol 


‘abdominal aorta was made. Patient died 11 days after operation. 
Differential Diagnosis.—Dissecting aneurysm of aortic arch; renal calculus or tumor. 
Ante-mortem Diagnosis.— Dissecting aortic aneurysm. 
Treatment.—Morphine sulfate, opium, and rest. 
Katent of Dissection.—Not mentioned. 
Comment.—Diagnosis was not made preoperatively, but was made ante-mortem. There 


vus no pathologie report. 


Cases of Dissecting Aortic Aneurysms ino Which Surgical Disease Was Considered in the 
Differential Diagnosis 
CASE 1. Osgood, Gourley, and Baker,23 1936. 
Leading Symptoms.—A 50-year-old white man, following a heavy meal, was seized with 


steady, sharp epigastric and lower chest pain radiating to ri 


oht and left sides of abdomen, 
to back of chest and into left flank. Pain was diffuse and poorly localized. No vomiting 
at this time but nausea. Pain subsided but soon recurred with greater intensity and remained. 
Noted dizziness. Vomited 5 hours after onset, and 6 times in next 4 hours. 

Physical examination: Blood pressure: 182/88; equal bilaterally. Well-developed, 
well-nourished man in obvious pain turning from side to side. Very apprehensive. Face 
Hushed, not cyanotic, no dyspnea, pulse 98 and regular, temperature 100° F. Systolie pulsa 
tion visible in carotid vessels and palpable in suprasternal notch and over left subclavian 
artery. Heart enlarged to left, increased upper sternal dullness, heart tones clear and sharp 
with long blowing systolic murmur over mitral area. Moderate resistance over upper ab 
domen, particularly on left side, but no localized tenderness. Peripheral vessels showed equal 
normal pulsations. 

Laboratory: Teteriec index, 7; urine, 2 plus albumin, 4 plus acetone, and diacetie acid, 
White blood cells, 9,900. Negative electroecardiogram. Treated with sedatives and anal 
gesics, Discharged 59th day. Two months later, returned with orthopnea, flushed face, and 
complaining of severe chest pain. Blood pressure: 135/110; trachea deviated to right. Died 
. days after admission. 

Differential Diagnosis.—Dissecting aneurysm of aorta; coronary thrombosis; and acute 
abdominal disease. 

Ante-mortem Diagnosis.—Dissecting aneurysm. 

Treatment. Symptomatic. 

Extent of Dissection—Perieardial tamponade due to hemorrhage from intrapericardial 
performation of recent dissecting aneurysm confined to ascending aorta. Also, old dissecting 


aneurysm extending from arch of aorta into common iliac arteries. 


CASE 2.~ -Glendy, Castleman, and White,1?2 1937. 

Leading Symptoms.—A 53-year-old white man, laborer, while bending over fixing a pipe, 
suddenly seized with severe stabbing pain in left chest just below and outside of nipple. Pain 
increased in intensity, radiating to back and right chest. Worse on lying down and associated 


with dyspnea, 

















640 SURGERY 


Physical examination: Anxious facies, great distress, few rales at left base of lung, 
Heart: Apical sounds faint, no audible sounds at base, regular rhythm, puise, 120, systolic 
murmur over apex. Blood pressure: 190/120, Extreme epigastrie tenderness.  Respira 
tion, 35. 

Course: Agonizinge seizures continued. Patient became hoarse and later lost voice en 
tirely. Blood pressure fell to 1OO/7S8 after venous section. Intractable distention developed 
and surgical abdomen considered. Although in extremis, blood pressure remained elevated 
(160) and pulse very strong until one hour before death on sixth day. 

Laboratory: White blood cells, 18,500; urine, trace of albumin; nonprotein nitrogen 
67 mg. per cent. 

Differential Diagnosis.—Pneumonia, chronie nephritis, arteriosclerosis, ‘‘surgical ab 
domen,’’ and subdiaphragmatie abscess. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Not mentioned. 

Extent of Dissection.—Elongated crevice in aortic intima at junction of aorta at as 
cending portion in region of arteriosclerotic ulcer with dissection of media of irregular con 
tour extending down as far as inferior mesenteric artery. Rupture into mediastinum and 
both pleural cavities. Moderate arteriosclerosis of aorta. 

Comment.—Nature of pain and elevated blood pressure were suggestive of dissecting 


aneurysm. 


CASE 3.—Weiss,24 1938. 

Leading Symptoms.—A 40-year-old man, Filipino, who had epigastrie distress for seven 
years, six months before seen in December, 1986, had subcardiae and more severe epigastric 
distress, dyspnea, and palpitation on exertion. Discomfort appeared after eating, nonradi 
ating and relieved by soda. Vomited coffee-ground material and had tarry stools. 

Physical examination: Slight sclerosis of eye grounds. Heart slightly enlarged. Regu 
lar rhythm with soft systolic murmur. <A, ringing. Arterial pressure, 168/106; 178/120. 
Urine negative; red blood cells, 2,400,000; hemoglobin, 34 per cent; white blood cells, 13,800. 
Stool tarry with 4 plus guaiac. Negative serology. X-ray of gastrointestinal tract: Gastric 
and duodenal ulcers. Electrocardiogram, digitalis effect. Treated with Sippy diet and iron, 
and patient improved. Diagnosis: Peptie ulcers, essential hypertension, and slight arterio 
selerosis. 

In November, 1937, at 1:30 A.M., experienced breathlessness and orthopnea for several 
hours. In afternoon of same day, developed sharp burning, boring, nonradiating pain in 
epigastrium. Entered hospital two days later, weak and irritable. Radial pulse imperceptible 
and arterial pressure not measurable. Heart moderately enlarged. Pulse, 180-140 and regu 
lar. Sounds weak. P, accentuated; A, barely audible. Blood pressure: 100/55, Lungs, 
normal, Tenderness over epigastrium but no spasm, Other findings irrelevant. Red blood 
cells, 6,000,000; hemoglobin, 95 per cent; white blood cells, 27,600 and 21,300. Nonprotein 
nitrogen, 46 mg. X-ray of chest: Widening of aorta. Electrocardiogram: Evidence of 
myocardial disease. 

Condition remained unaltered for two days after admission. Patient suddenly col 
lapsed, developed convulsions, and died. 

Differential Diagnosis.—Coronary occlusion; perforated gastric ulcer. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—None mentioned. 

Extent of Dissection.—About 1 em. above aortic valve was sharp cleftlike rupture 
approximately 4 cm. in length, involving intima and media. Near by was another slit in 
aorta about 1 em. in length. From base of aorta wall was dissected down to mouth of. celiae 
artery, where dissection reruptured into aorta. Below this point aorta was intact. Small 
extravasation of blood occurred into posterior mediastinum. Scattered over intima of en 


tire aorta were small, raised yellowish atheromatous deposits. 
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Comment.—Anatomical diagnosis: dissecting aneurysm of aorta with hemopericardium, 
pulmonary congestion, and edema; compression of mouth of left coronary artery caused by 
lissection of this artery; myocardial infarct of left ventricle; healed chronic pyelonephritis ; 


moderate atherosclerosis of aorta, and healed cholecystitis. 


CASE 4.—Nichaus and Wright,25 1940. 

Leading Symptoms.—A 49-year-old Negro porter seized with sudden severe pain while 
standing on platform waiting for passengers. Ile was prostrated and broke out in ‘‘eold 
sweat.’’? Pain radiated to neck and jaw, then penetrated to back in lower thoracic region, 
then to lumbar region and back of thighs as far as knees. In one hour pain localized in epi 
vastrium and lower sternal region, radiating to interscapular region and along both costal 
margins. Pain persisted at this site until death 21 hours after onset. Pulse, 60; blood pres- 
sure, 140/100. Marked tenderness with muscle spasticity of epigastrium and right upper 
quadrant, simulating upper abdominal disease. 

Physical examination: Robust, obese, Negro, weighing 200 pounds, critically ill, Face 
suffused and veins of neck moderately distended. Slight respiratory difficulty. Lungs: Clear. 
Heart: Apex in anterior axillary line; regular rhythm, Diastolic murmurs over aortic area 
along sternal border. Urine: Albumin, 2 plus; numerous pus cells. Hemoglobin, 15.6 Gm. ; 
red blood cells, 4.7; white blood cells, 9,000; icterus index, 6. Wassermann test, negative. 
Electrocardiogram: Evidence of coronary thromposis. 

Past history: 1932—blood pressure, 230/140: 1936—blood pressure, 200/130. 

Differential Diagnosis —aAcute abdomen; coronary thrombosis. 

Ante-mortem Diagnosis.—Coronary thrombosis, 

Extent of Dissection.—Irregular triangular rupture 1.5 em. in length and about 2.5 em. 
above aortic valve on right lateral surface slightly anterior and extended through intima and 
about four-fifths of media. From rupture, blood burrowed toward heart involving most of 
circumference of aorta and then extended subepicardially over right auricular surface. The 
intramural hematoma extended distally to level of fourth thoracic vertebra involving one 
fourth to one-half of circumference of aorta. Minimal sclerosis seen. Torn edge showed 
normal thickness of media and minimal intimal thickening. At junction of ascending and 
transverse arch of aorta were 4 to 5 peculiar longitudinal grooves, measuring 1.5 em. in di 
ameter. These reduced size of lumen considerably. Beyond this, arch widened. No ath- 
eromatous ulcers seen, 

Comment.—Pericardial sac, 1,000 ¢.c. of clotted blood. Coronaries patent. Nature of 
pain and elevated diastolic blood pressure and brief duration of the illness are suggestive of 


dissecting aneurysm. 


CASE 5.—Finkelstein and Jacobi,26 1940. 

Leading Symptoms.—A 54-year-old white man complaining of constant pain in epi- 
gastric region of one week’s duration. Pain was severe, unremitting and radiated directly to 
hack. Not relieved by alkalies or food and became progressively worse until day of admis 
sion. Patient was nauseated. No hematemesis or melena. For past 8 years until one week 
ago, epigastric pain was relieved by food and soda. 

Physical examination: Well nourished, head and upper chest flushed. Lungs: Dull- 
ness over both bases, few erepitant rales heard in left base in axillary region. Heart: Not 
enlarged; rate, 100; sounds fair quality; no murmurs. Blood pressure: 190/110. Abdomen: 
Marked tenderness in midepigastrium toward right of median line; tenderness also over 12th 
dorsal vertebra, posteriorly. Diagnosis of ulcer penetrating posteriorly into pancreas made. 

Laboratory: Red blood cells, 5,200,000; white blood cells, 10,000; hemoglobin, 95 per 
cent; differential, normal; urine, negative; Wassermann test, negative. No occult blood. 

Course: On second day of hospitalization, patient still had pain in epigastrium radi 
ating to back, although he received tincture of belladonna and tincture of opium. On third 
hospital day, pain in epigastrium to back was so severe and tenderness so marked that per- 
foration of ulcer posteriorly was feared. On sixth hospital day, epigastrie pain radiated 


to back was still present. On seventh hospital day, more comfortable. On tenth hospital 
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day, x-ray of stomach and duodenum revealed no evidence of gastric or duodenal ulcer. 
Fluoroscoped again. Fusiform pulsating dilatation of entire descending aorta seen. Dis 
secting aneurysm suspected. On seventeenth hospital day, patient felt fairly well. At 7:15 
P.M., While on bedpan, suddenly turned white, vomited, gasped for breath, and died. 

Differential Diaqnosis.—Perforating peptie uleer, probably posteriorly into pancreas; 
dissecting aneurysm. 

Ante-mortem Diagnosis.— Dissecting aneurysm. 

Treatment.—Milk and cream, tincture of belladonna and opium, and morphine sulfate. 

Extent of Dissection—The ascending aorta showed little arteriosclerotic change. In 
arch of aorta, distal to openings of left subclavian and left carotid artery, was transverse 
linear break encircling posterior half of aorta and extending through intima into media. 
Aorta in its thoracic portion presented blood clot, laminated and partially organized, about 
3 em. thick, lying outside of media and pushing both intima and media into folds in lumen. 
soth thoracic and abdominal portions of aorta had lost much of their elasticity and eon 
tained many lipoid plaques, some of which were calcified. Area of atheromatous softening 
was present near break in arch of aorta. 


Comment.—No evidence of recent or old ulceration of stomach or duodenum. 


CASE 6.—Lowell, Jr.,27 1940. 

Leading Symptoms.—A 50-year-old white man, known hypertensive, 36 hours prior to ad 
mission, while carrying a 40 pound weight in his arms, was suddenly seized with ‘‘knifelike’ 
pain at tip of right scapula. It was severe enough to take his breath away, followed by feel 
ing of weakness and faintness. Six hours following onset, pain appeared in midepigastrium 
extending down the costal margin on the left and into medial portion of left thigh with feel 
ing of numbness in left leg. He was unable to lie on left side and unable to hyper-extend 
legs without severe pain in epigastrium. Vomited twice 8 hours prior to admission. Walked 
to hospital in ‘‘stooped’’ position. 

Physical examination: Middle-aged man lying in ‘‘doubled-up’’ position on right side 
with moderate dull pain in epigastrium radiating into left iliac fossa and leg with feeling 
of numbness in leg. Left pupil was larger than right. Retinal examination showed marked 
arteriosclerotic changes. Chest, negative. Icteric tinge to skin and sclera. P.M.I. in an 
terior axillary line. No rub or murmur heard. Radial and apex rate same; radials bilaterally, 
regular and forceful at 80 per minute. Peripheral vessels markedly sclerotic. Femoral pulsa 
tions equal. Blood pressure: Right arm, 168/88; left arm, 180/98; right leg, 190/100; left 
leg, 196/106. Slight tenderness in midepigastrium and over aorta. Marked voluntary spasm 
in left upper and left lower quadrants. Neurological examination, negative. 

Laboratory data: White blood cells, 21,550. Hemoglobin, 13.5 Gm. Stools, neg 
ative. Sputum, negative. Serology, negative. Urine: Fixed specific gravity with trace 
of albumin recorded consistently and few granular casts. X-ray view of abdomen, negative. 
Heart enlarged in its transcardiac dimensions, otherwise normal,  Electrocardiographic 
tracing showed evidence of myocardial infarct. After failure to make diagnosis of acute 
abdomen, patient was accepted on medical service as case of dissecting aortic aneurysm, On 
ninth hospital day, he sat up in bed, called for an orderly, and was found cyanotic and 
gasping for breath. Died immediately. 

Differential Diagnosis.—Acute surgical abdomen; dissecting aneurysm. 

Ante-mortem Diagnosis.—Dissecting aneurysm. 

Treatment.—Opiates. 

Extent of Dissection.—Dissecting aneurysm in medial portion of aorta, extending from 
ascending aorta around arch and down descending aorta through abdominal portion into 
common iliac arteries. There were two ruptures of intima into media. Inferior one of these 
was presumably the first. Rupture was seen on anterior aspect of descending aorta, immedi 
ately below junction of left subclavian artery. Superior laceration was seen in ascending 
aorta at the beginning of arch. There was connection between medial cavity below inferior 


laceration and right pleural cavity. Latter was filled with blood. 
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Comment.—Anatomiec diagnosis: Dissecting aneurysm of thoracic and abdominal aorta 
and right hemothorax. Although the admission diagnosis was incorrect, after complete 


heckup done, correct diagnosis made. 


CASE 7.—Reisinger,!8 1940. 

Leading Symptoms.—A 41-year-old Negro, after an evening meal several days before 
idmission, suddenly became nauseated and vomited. Had pain in upper region of abdomen 
vhich disappeared, Took castor oil and pain returned. Went to hospital where enema was 
given and after four hours’ observation, allowed to go home. Nausea and abdominal dis- 
comfort continued and went to family physician, who gave medication for ‘‘ptomaine poison- 


ne’? with no relief. Had coughing spell which increased pain over upper portion of abdomen, 
especially on right side. Had nausea, vomiting, and felt as if he had ‘‘gas on the stomach.’ 
First examiner impressed by abdominal symptoms and signs. Abdomen was tender about um- 
bilicus, and muscle of right side slightly rigid. Temperature, 99.2° F.; pulse, 60; white blood 
cells, 9.5. Few cells in urine. Blood pressure, 150/90. Heart not enlarged and regular rhythm. 
Peripheral arteries thickened. Following month in hospital, patient felt poor. Had incon- 
stant pain in epigastrium extending around right lumbar region and down spine, from inter- 


scapular region to coceyx. Cold water increased pain and after eating, often became nause- 
ated and regurgitated food. Was constipated and passed only small quantities of urine. 
Temperature ranged from 100 to 101° F. Red blood cells, 4,400,000; hemoglobin, 14 on ad- 
mission. Gall bladder studies, negative. Agglutination tests, negative. X-ray of chest, heart 
enlarged with widening of supracardiae shadow. Definite projection of first part of aorta 
to right, arch wide, knob broad and rounded. Descending aorta denser than usual and 
tended to fill concavity above left ventricle. Aortic outline appeared ragged. Trachea dis- 
placed to right. Electrocardiogram, normal. ‘Toward end of second month, nausea and belch- 
ing returned and there was pain in left side of chest, abdomen, and back. Red blood cells, 
3,100,000; hemoglobin, 9.8 Gm.; white blood cells, 17,900. Repeat x-ray of chest: Cardiac 
shadow very large and supracardiac shadow larger. Right border of aorta formed wide arch. 
Aortic knob was less prominent and left supraventricular concavity was obliterated. In 
third month, patient had sudden attack of pulmonary edema, dyspnea, and shock. Heart 
enlarged with gallop rhythm, transient systolic murmur, and accentuated second sound at base. 
Had several such attacks over 48 hours. Third x-ray, greater widening of aorta, especially 
in descending portion. No pulsations felt in popliteal, dorsalis pedis, and posterior tibial 
arteries, although femoral pulses palpable. Percussion note left of spine from fifth thoracic 
to ninth thoracie was flat and loud rough systolic murmur was heard in this region only. Had 
gradually increasing heart failure and died 93 days after first symptom. 

Differential Diagnosis.—Surgical abdomen; gall bladder disease, especially intestinal 
tuberculosis; coronary occlusion; dissecting aneurysm, second month. 

Ante-mortem Diagnosis.— Dissecting aneurysm of aorta. 

Treatment.—Analgesics. 

Extent of Dissection.—Descending aorta presented transverse tear of intima across 
entire circumference of vessel, about 10 em. below arch. Blood accumulated within split coats 
of aorta throughout thoracic and abdominal length of aorta. About 5 em. above bifurea- 
tion into iliac artery was second tear in intima where more saccular aneurysm, not 
connected with previous one and containing older, laminated clot, extended along iliac arteries 
to Poupart’s ligament. No evidence of erosion. Wall of abdominal aorta blackish and soft. 

Comment.—Pericardial sac contained 200 ¢.c. of bloody fluid. Hemorrhage apparently 
riginated in adherent area at reflection of pericardium from aorta. Decline in hemoglobin 


significant perhaps; X-rays and peripheral vascular changes made diagnosis. 


CASE 8.—Finkelstein and Jacobi,26 1940. 

Leading Symptoms.—A 54-year-old white man, admitted Oct. 8, 1937, complaining of 
‘onstant pain in epigastric region for one week. Pain was severe, unremitting, and radiated 
directly to back. Not relieved by alkalies, food, or small doses of morphine sulfate and be- 


came progressively worse up to admission. 
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Past history: For 8 years patient suffered from gastric disturbance, diagnosed as pep 
tic ulcer. Until one week ago, each attack was relieved by food and soda. 

Physical examination: Well nourished, head and upper chest flushed. Temperature, 
101° F.; eye, ear, nose, and throat examination, negative. Lungs, dullness noted over both 
bases, a few crepitant rales heard in left base in axillary region. Heart not enlarged, rate 
100 per minute; fair quality, no murmurs. Blood pressure: 190/110. Abdomen: Marked 
tenderness in midepigastrium toward right median line. Tenderness also over twelfth dorsal 
vertebra posteriorly. Diagnosed on admission as peptic uicer penetrating posteriorly into 
pancreas; treated with food and soda. 

Laboratory data: Red blood cells, 5,200,000; white blood cells, 10,000; hemoglobin, 
95 per cent. Differential, normal. Urine, negative. Blood glucose, 107 me. per cent. Urea 
nitrogen, 27.5 mg. per cent. Blood Wassermann, negative. 

Course: On Oct. 10, 1937, still had pain in epigastrium radiating to back. Marked 
tenderness in epigastrium still present. On October 11, pain in epigastrium radiating to 
back became so severe and tender that perforation of ulcer considered and surgeon consulted. 
The latter advised sedation, roentgen study of stomach followed by operation. On October 
14, patient had epigastric pain radiating to back, but milder. On October 17, much more com 
tortable and gastrointestinal series done on October 18, showing no ulcer. On October 21, 
refluoroscoped. Noted fusiform pulsating dilatation of entire descending aorta. Dissecting 
aneurysm suspected. On October 25, patient felt <* fairly well.’’ While on bedpan at 7:15 
v.M., patient turned white, vomited, gasped for breath, and died. From third day to death, 
temperature fluctuated between 100 and 102° F. 

Differential Diagnosis.—Dissecting aneurysm; perforated peptic ulcer. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Food, soda, tincture of belladonna and opium, morphine sulfate. 

Extent of Dissection.—Distal to openings of left carotid and subclavian arteries, was 
transverse linear break encircling posterior half of aorta and extending through intima into 
media, permitting escape of blood from within lumen of aorta into wall out beyond media. 
Aorta in its thoracic portion presented blood clot, laminated and partially organized about 
3 cm. thick, lying outside of media and pushing both media and intima into folds into lumen. 
At region of break in arch, blood was present in loose perivascular tissue resting against very 
thin parietal pleura of apical portion of left chest. In its pulmonary aspect this pleura was 
coated with blood and fibrin. Both thoracic and abdominal portions of aorta had lost much 


of their elasticity and contained many lipoid plaques, some of which were calcified. An area 


of atheromatous softening involving both intima and media was present near break in arch 


of aorta. Renal, gastric, and splenic arteries showed moderate arteriosclerosis. 
Comment.—Left pleural cavity contained one liter of sanguineous serum and _ several 
huge clots. Conservatism on part of consulting surgeon, for lack of definite diagnosis and 


refluoroscopy prevented unnecessary operation and made correct ante-mortem diagnosis. 


CASE 9.—Levitt, Levy, and Cole,28 1940. 

Leading Symptoms.—A 51-year-old white man, fireman, 8 hours prior to admission was 
awakened with sharp, excruciating pain, diffusely throughout lower abdomen, but more pro 
nounced about umbilicus. Pain radiated through to back and at onset was accompanied by 
emesis. No blood in emesis; stools normal. 

Past history: Precordial pain for 3 vears, brought on by exercise, occurring 1 or 2 times 
monthly, lasting one to two minutes. 

Physical examination: Blood pressure: 220/110. On admission, well developed, well 
nourished, in acute distress. Temperature, 97.2 F’., pulse, SS: respirations, 30, No evano 
sis. Chest, expansion limited on right; resonant throughout; breath sounds suppressed in 
right base. Heart enlarged to left, regular, A, accentuated. Blood pressure: 220/124. Ab 
domen: Resistance to palpation in right upper quadrant. Tenderness noted throughout, more 


over gall bladder region. Extremities, negative. Placed on surgical ward for observation 
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recause also had hemoptysis and pain in chest on deep inspiration. Urine, negative; white 
ood cells, 22,250 (92 per cent polys Pain and hemoptysis persisted. Six 
pain still present. Temperature, 101.2° F.; 


170/100. 


hours later 
pulse, 136: blood pressure, 140/92 left; right, 
Heart enlarged, regular rate, tones suppressed. ‘‘G’?-string type of friction rub 
in fifth interspace to left sternum, Abdomen: Fullness and spasm with no definite tender 
ness in R.U.Q. Slight cyanosis of nails. Electrocardiogram: Left 
eardial damage. X-ray: Enlarged heart with 


Differential Diagnosis. 


axis deviation and myo 
aorta normal. Death on Jan. 11, 1939. 
Hypertensive cardiovascular disease; cardiovascular syphilitic 
aneurysm; coronary thrombosis; surgical abdomen—perforated ulcer or acute pancreatitis ; 
lissecting aneurysm. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 
Treatment. Opium, rest, and observation. 
Extent of Dissection.—Aorta split into two layers. This split extending to base of 
heart where pericardium was attached to aorta. Large amount of dark blood between these 
layers. This space communicated with large pericardial space filled with blood. Aorta 
showed numerous thickened areas of raised yellowish plaques. One communicated with split 
space. 

Comment.—Left pleural cavity—1,400 ¢.c. thin yellowish-brown exudate, plus clots and 
fibrous tags. Abdominal viscera, normal. Anatomie diagnosis: Aortic arteriosclerosis with 
dissection between coats and rupture into pericardial pocket. 


CASE 10.--Buckley,29 1940. 


Leading Symptoms.— A 43-year-old man with painless hematuria of two weeks’ duration. 


One month previously, patient in hospital with complaint of severe pain which started be- 


neath upper sternum, passed downward through chest and abdomen, centering posteriorly in 
lumbar muscles along spine. Marked numbness of left leg with inability to move left foot. 
Blood pressure: 230/130, low grade fever. White blood cells, 12,000 with 80 per cent polys. 
Wassermann and Kahn, negative. Cardiographie report, diffuse increase in caliber and density 
of aorta. Neurological signs subsided after two weeks and patient was discharged. Cystos 
copy: Old clots evacuated from bladder. Right kidney, normal; left kidney, bloody urine 
dripped. Right pyelogram normal; left, large fillmg defeet in pelvis with obliteration of 


superior calyx with some involvement of middle calyx. 


oO 


Kidney tumor suspected. Five days 
later, left pyelogram repeated showing pelvis smaller than in previous examination with fair 
visualization of superior calyx. Sent home and treated for hypertension. After hematuria 
g entered hospital for left pyelogram which was normal, then 
sure that hemorrhage was due to bleeding into left kidney and not due to tumor. 
to work with occasional episodes 


stopped (one month) he again 


Continued 
of hematuria. Twenty-seven months after onset of symp 

toms, patient experienced severe headache followed by coma and death in few hours. 

Differential Diagnosis—l"ypertension; cerebral hemorrhage; kidney tumor, left. 

Ante-mortem Diagnosis.—Cerebral hemorrhage. 

Treatment.—Not mentioned. 

Extent of Dissection—Old, healed dissecting aneurysm which began at level of orifice 

of left subclavian artery. Below this point aorta showed double channel, aneurysmal channel 


passed downward having ruptured all of intercostal and lumbar arteries on left, 


and had penetrated left renal, superior mesenteric, and right iliae artery. There was small 


communication between two channels just anterior to orifice of left renal artery. 
Comment.—No examination of central nervous system permitted. Hematuria due to 
extension of aneurysm into left renal artery. 


CASE 11. Buckley,?9 1940. 

Leading Symptoms.—A_ 61-year-old man, while stooping, suddenly seized with pain 
originating in left lumbar area and radiating forward toward epigastrium. Pain 
teristic of renal colic, although urogram 


blood cells, 


charae 
revealed no ealeulus. Urine showed occasional red 


Radiation of pain began to shift to L.L.Q. and patient entered hospital. 
Patient in pain, anxious, with moderate pallor. 


Heart enlarged with no murmurs or irregularities. 


Physical examination: Blood pressure: 
190/110. 


Temperature, 100, White blood 
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cells, 10,800 with 80 per cent polymorphonuclears. Wassermann and Kahn, negative. Urine, 
few red blood cells and white blood cells. Shght tenderness over left kidney, otherwise ab 
domen was negative. Cystoscopy: Bloody urine with clots found. No ulcers or tumors. 
Ureters: Left, urine was blood tinged; right, negative. Right pyelogram, negative; left, 
filling defect in pelvis with distortion and blunting of calices. Impossible to determine 
whether dealing with tumor of renal pelvis or blood elots. Following day, patient experienced 
severe pain due to passage of blood clots down left ureter. Large size catheter placed into 
left pelvis for drainage. Although catheter draining well, patient complained of spasmodic, 
severe pain in left epigastrium, occasionally radiating to left lumbar area and left lower 


quadrant. There occurred periods ¢ 


f cyanosis, pallor, and anxiety, together with variations 
in blood pressure fluctuating from 110/60 to 160/90. Urine cleared 13 days after onset and 
second pyelogram found normal. Patient became comatose and died 16 days after entry. 

Diffe rential Diagnosis. Kidney infection: kidney tumor. 

Ante-mortem Diagnosis.—Indetinite. 

Treatment. Staphylococcus antitoxin. 

Extent of Dissection—Abdominal aorta on left side 3 em. above left renal artery 
showed large oval-shaped defect in wall, perforation with extensive hemorrhage. Blood 
showed some laminations. This represented healed defect with recent rupture and hemorrhage. 

Comment.—Anatomic diagnosis: Ruptured dissecting aneurysm of abdominal aorta 


with multiple septic infarcts of lung, spleen, and left kidney. 


CASE 12. Clinicopathological Cases,30 1942, 

Leading Symptoms.—A 47-year-old plumber admitted complaining of steady abdominal 
pain of 24 hours’ duration. 

Past history: Two years ago first noted steady aching, low substernal pain, and feel 
ing of compression which had persisted almost constantly since that time. Discomfort worse 
at night and relieved if walked floor. Not influenced by exertion, breathing, or swallowing. 
At same time, began having dull headache, became weak and tired, and developed nocturia 
(once). Blood pressure: 276. Twenty-four hours before admission, while eating sandwich, 
suddenly seized with severe steady pain beneath xiphoid, radiated through back and up be 
tween shoulder blades. Felt nauseated and vomited small amount of food. Pain inereased 
in severity. Then he experienced severe cramp in back of right leg which remained until he 
stopped walking. Subxiphoid epigastric pain continued in spite of sedation. 

Physical examination: Well developed, well-nourished man in acute distress because of 
severe epigastric steady pain. Unable to lie flat on back in bed. Felt better on side, si. ting, 
or standing erect. No pallor, cyanosis, or sweating. Lungs, clear. Heart, enlarged slightly 
to left; pulse, 85. Faint systolic murmur at apex. <A, louder than P,. No rub. Marked 
tenderness, without spasm, high in epigastrium; no masses. No other positive findings. Tem- 
perature, 98.8° F.; pulse, 85; respirations, 20; blood pressure, 180 110. Red blood ecei!s, 
4,500,000; hemoglobin, 100 per cent; white blood cells, 14,200—90 per cent polymorphonu 
clears. Urine and stools, negative. Nonprotein nitrogen, 21 mg. per 100 ¢c.c. X-ray of 
abdomen: Loop of slightly dilated, air-filled small intestine in L.U.Q.; poorly defined, de 
creased density overlying and extending to both sides of fourth lumbar vertebra. Gall blad 
der x-ray, negative. Chest: Markedly tortuous aorta. Gastrointestinal series, negative. 
Abdominal pain persisted for 6 days requiring large amounts of morphine sulfate and then 
gradually subsided. Blood pressure: Both arms equal, 180/100. | :ne on fourth and fifth 
day, 20 to 40 red blood cells. Convalescence uneventful and discharged forty-first hospital day. 

Second admission, 2144 months later: Substernal pain and sense of chest constriction 
reappeared unrelated to exertion. Relieved with nitroglycerin. 

Physical examination: Unchanged from first entry except heart was 2 em. beyond mid 
elavicular line and blood pressure, 220/140 in all extremities. Urine and blood, negative. 
X-ray: More definite dilatation of aortic arch. While in hospital, patient had severe 14% 
hours’ attack of chest pain, radiating down left arm and only partially relieved by morphine 
sulfate. Left radial pulse weaker than right. Blood pressure: Right arm, 170/120; left, 


120/80, Next day, blood pressures about equal. Discharged twenty-fourth day. 
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Third admission, 9 months later: Twenty-four hours before entry, while working, ex- 
perienced rapid onset of severe pain in left arm with associated mild oppression in upper 
sternum and pain in both sides of neck. Lasted one hour and reappeared one hour later. 
Not relieved by nitroglycerin. Fundi—several hemorrhages. Physical examination and lab 
oratory data otherwise unchanged; stayed in hospital 8 days. 

Fourth admission, 4 months later: Eight hours before admission, after drinking 2 
elasses of beer, had sudden attack of substernal pain radiating down both arms and into 
neck. 


Physical examination: Obvious pain, rapid breathing, and groaning. Heart sounds 


distant and poor. Blood pressure: 194/118. White blood cells, 15,000. Electrocardiogram: 
Biphasic instead of inverted T and T,. Developed gallop rhythm, fall in systolic blood 
pressure to 158, pallor, sweating, and cold extremities. Showed crepitant rales and wheezes 
at both lung bases, tender liver with edema of sacrum and extremities, and distention of neck 
veins. Died suddenly on third hospital day. 

Differential Diagnosis.—Hypertensive and coronary heart disease; acute coronary o¢ 
clusion; arteriosclerosis of aorta; dissecting aneurysm; acute abdomen—first admission. 

Ante-mortem Diagnosis.—Same as differential diagnosis. 

Treatment.—Morphine sulfate and oxygen. 

Kaetent of Dissection.—Two separate dissecting aneurysms, clearly of different ages. 
Older one began with horizontal tear on anterosuperior aspect of arch just distal to sub 
clavian artery at point 9 em. above aortic valve. This led into smooth, endothelial fat which 
lay within media of vessel and nearly surrounded vessel. Extended down entire aorta into 
right common iliac artery where it reruptured into lumen of latter vessel. Lumen of 
aneurysm completely endothelialized and was dotted with numerous small, bright yellow 
plaques of atheroma. Second independent and more recent dissecting aneurysm began with 
another horizontal tear 3 em. distal to first one but on right posterior surface. In this case, 
aneurysm extended backward instead of forward down ascending aorta to annulus of aortic 
valve, thus involving mouth of both coronary aortic arteries and that of innominate artery 
3 em. above aortic valve. Outer layer had ruptured into pericardium, This aneurysm was 
much fresher than other and showed no endothelialization. 

Comment.—Anatomiec diagnosis: Dissecting aneurysm of aorta, old, with rupture into 
right iliac artery and fresh rupture into pericardium. Hemopericardium with eardiae tam 
ponade. Compression of right renal artery with atrophy of right kidney. Surgical con 
sultant was all for immediate transfer to surgical service and exploratory laparotomy, al 


though he never committed himself as to precise type of surgical abdomen he expected to find. 


CASE 13.—Pekin and Nesbitt,31 1942. 

Leading Symptoms.—A 49-year-old white man with past history of dyspnea on exertion 
and pain below lower sternum for past two years. Known hypertensive. Week before hos 
pital admission, while at work, noted severe palpitation and had ‘‘pressing feeling’’ in apical 
region, which radiated down left arm. After week in bed, he experienced on day of admis 
sion, sudden pain in both sides of chest. This began in back and radiated around to abdomen 
and felt ‘‘like putting on a belt.’? Numbness in legs and within few seconds was unable to 
stand or walk. Numbness but no paralysis of both arms; this soon disappeared. Within 
hour, developed severe pain in right leg and left to lesser extent. When he entered hospital 
he complained of severe pain and inability to move right leg, and of less acute pain in both 
costovertebral angles and in epigastrium. When examined, he was lying in bed, restless, 
groaning with pain, and unable to move right leg. Color, good. No tracheal tug was felt. 
Both lungs resonant, breath sounds everywhere vesicular; no rales. Apex beat was neither 
seen nor felt. Left border of heart was 13 em. and right 5 em. from the midsternal line. 
Pulse rate, 40 and regular. Tones, faint. Aortic second sound equaled pulmonie second 
sound. No murmurs. Blood pressure: 250/150 in both arms. Abdomen, soft and slight 
ht leg; touch sensation diminished on that 


"rae 
Ip 


tenderness in epigastrium. Unable to move 1 


side. Knee jerks and ankle jerks present and equal. No Babinski; color of both feet and 

















648 SURGERY 


legs normal and each foot equally cool to touch. Pulsation of femoral, popliteal, and dorsalis 
pedis arteries in right leg were only faintly felt and of much less amplitude than in left leg. 
Hypodermic of morphine brought only slight relief. After two hours only slight pain in 
right leg persisted. Sensation to touch now absent. Blood pressure: 240/146; heart rate, 
112 and regular. Color, good. Following day, patient restless due to severe pain in abdomen 
and groins. Legs cool, right more so than left, but no edema was noted. Color pale and 
cyanotic, On third hospital day, abdomen became slightly distended, size and color of legs 
remained unchanged. Blood pressure: 160/184 systolic; 95/100 diastolic with definite pulsus 
alternans perceptible at wrists. No blood pressure obtainable in legs. On fourth day, ex 
tremely restless due to pain in umbilical region, associated with nausea, vomiting of dark 
semidigested blood, and passage of frequent small tarry stools. That evening, skin of legs 
became mottled bluish-red and pain in legs and abdomen was prominent to within few min 
utes of death. Three electrocardiograms taken revealed no information of positive value. 
Bedside x-ray of chest was negative. Blood count normal; serologic tests and urine analysis, 
negative. 

Differential Diagnosis.— Dissecting aneurysm; coronary occlusion with embolism to right 
iliac artery; mesenteric infarction. 

{nte-mortem Diagnosis.— Dissecting aneurysm. 

Treatment.—Sedation. 

Extent of Dissection.—<Ascending aorta and arch showed fairly smooth, yellow intima 
with some scattered dense, elevated areas, particularly noted about origin of large arch ves 
sels. Between intima and media, in region of great vessels, was reddish-brown, adherent, 
thin laminated blood elot which extended downward for 5 em. Remaining aorta showed 
yellowish streaking with longitudinal yellow calcific plaques which tended to disappear be 
low renal artery. Entire wall from region of arch vessels to femorals and beyond internal 
iliaes was split posteriorly. Tear was in media. Partially organized brown, laminated blood 
clot, beginning 6 cm. from aortic bifurcation and into external and internal iliaes as far as 
they could be traced, was noted. The clot was so extensive in both iliaes as to have almost 
completely occluded lumen. No real tears involving intima could be seen, but there was seep 


age of blood through adventitia in region of arch vessels. 


CASE 14.—Blain, IIT, Glynn, and Hiratzka,32 1945. 

Leading Symptoms.—A 47-year-old colored man treated for hypertension for several 
years. Antisyphilitic therapy in 1925. At 9 a.m., Dec. 24, 1944, he was taken with very se 
vere pain in left costovertebral angle and under sternum, radiating to epigastrium and to 
back as high as angle of left scapula. Pain, sudden in onset and constant, intensified on 
motion. 

Physical examination: Well-developed, well-nourished, moderately orthopneic Negro 
in cold sweat. Grade 2 hypertensive retinopathy. Definite tracheal tug. Lungs clear. Blood 
pressure: 250/145 in each arm. Heart rate, 80 per minute; rhythm regular. Apical im 
pulse forceful and located 11 em. from midsternal line. Pereussion dullness 4 em. to right of 
midsternal line in second right interspace with no palpable pulsations in that area. Harsh 
systolic aortic murmur with accentuated aortic second sound heard best in second right inter 
space and transmitted to third and fourth left interspaces along sternal border. No diastolic 
murmur. Abdominal examination negative. Neurological examination negative. Marked 
left costovertebral angle tenderness. Roentgenogram of chest: Generalized dilatation of 
aorta and moderate left ventricular enlargement. Died following morning. 

Differential Diagnosis.—Acute ureterolithiasis; myocardial infarct; dissecting aneurysm. 

Ante-mortem Diagnosis.—Dissecting aneurysm. 

Extent of Dissection.—Dissecting aneurysm beginning at level of left subclavian artery 
and extending through bifurcation down into left iliac artery 4 em. Left renal artery in 
volved by direct extension; right not involved. Lumen of left renal artery partially occluded. 

Comment.—Neither kidney infarcted; arteriolar nephrosclerotic kidneys; no evidence of 


syphilitic aortitis; no intimal rupture. 
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Case 15.—Blain, ILI, Glynn, and Hiratzka,32 1945. 
Leading Symptoms.—A 61-year-old Negro man, while sitting in theater, was taken with 
excruciating pain in right costovertebral area, radiating down toward groin and medially 


toward midline of chest. No nausea or vomiting. History of high blood pressure. 
band 4 = } 


Physical cramination:  Acutely ill, obese man, in severe pain, covered with sweat. 
Slightly orthopneie, Blood pressure: 270/150; pulse, 100; temperature, O92 Kk. Heart en 
larged to left. Systolie blow at apex and at base. Moist rales at both lung bases. Chest 
x-ray: Minimal congestion of lung fields and broadening of aorta. Flat plate of abdomen, 
negative. Urine, + plus albumin; 80 to 40 white blood cells; few granular casts and in 


numerable red cells. Blood count: hemoglobin, 18 Gm., white blood cells, 14,500; 95 per cent 
neutrophiles. Hlectrocardiogram: Left axis deviation and myocardial damage. Some ec 
chymotic areas were noted on skin of abdomen and flank. Serology positive. Blood urea, 
124. Urea clearance, 20 per cent of normal. Kor first three days, pain could not be ade 
quately controlled with morphia. Later, pain subsided. Within week, patient had sudden 
severe pain in chest and fell dead. 

Differential Diagnosis —HUHypertensive heart disease with decompensation; right nephro 
lithiasis; dissecting aneurysm involving right renal artery; syphilitic aneurysm. 

Ante-mortem Diagnosis —Hypertensive cardiovascular disease: Syphilitic aneurysm of 
arch; renal infarction and/or dissecting aneurysm of abdominal aorta with renal artery in 
volved. 

Treatment.—Morphine sulfate. 

Extent of Dissection —Aorta—arteriosclerosis with dissecting aneurysm extending from 
base of left subclavian artery to iliacs. Dissection was filled with organized blood clot and 
involved proximal 3 em. of right renal artery. Proximal 16 em. of dissecting aneurysm 
exhibited organized blood clot 1.5 em. in thickness. On external surface of aorta half- 
way around segment of blood clot was nodular elevation 38.5 cm. in diameter which had irregu 
lar perforation. Through this, blood (1,700 ¢.c.) had escaped to produce terminal hemothorax. 


Comment.—No syphilitic aortitis. 
DISCUSSION 


The etiology, pathogenesis, clinical manifestations, and laboratory find- 
ings have been reviewed previously,’ but a brief summary may help to reeall 
this entity. 

The etiology of dissecting aneurysm is unknown, and many factors* 
have been mentioned; however, arteriosclerosis and hypertension are fre- 
quent associated findings, and would seem to be at least predisposing factors. 
Syphilis plays no part. The pathologie lesion is one of medial degeneration 
with subsequent hemorrhage and dissection between the middle and outer 
one-third of the aortie media. One usually finds an internal rupture present 
in the ascending portion of the aorta, just above the aortic valve,® but this 
is not necessary for dissection to occur, and many cases have been reported 
where no intimal tear was present.’ 7 § 

Clinically, a past history of hypertension is common, but a history of 
straining or strenuous exercise is not as frequent as generally assumed.® The 
onset is sudden, with exeruciating pain, deseribed as ‘‘knife-like’’ or ‘‘tear- 
ing,’’ which is often localized in the lower substernal region or upper midepi- 
gastrium. The pain frequently radiates into the neck, interscapular region, or 
down the abdomen into the legs, but seldom down the arms unless the brachial 
arteries are occluded. With the initial pain, the patient commonly experiences 
faintness, dyspnea, nausea, and vomiting. The patient appears in a state of 
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collapse, with pallor, profuse diaphoresis, anxiety, and restlessness. Surpris- 
ingly, the blood pressure is often normal, or high, and the pulse of good 
quality with normal rate. The heart is enlarged due to previous hypertension, 
and systolic and diastolic¢ murmurs may be audible over the precordium. How- 
ever, the presence of a diastolic murmur over the aortic area, which was not 
audible previously, is important and may indicate that cardiac tamponade 
is pending.’ The dissection may extend into the aortie branches, partially 
or completely occluding them, producing hemiplegia (carotid arteries) ; un- 
equal peripheral pulses, and blood pressure, plus cold, cyanotic, flaccid ex- 
tremities (brachial, femoral or iliac arteries); hematuria and anuria (renal 
arteries) ; intestinal obstruction and melena (mesenteric arteries). Roentgen 
studies are valuable and reveal widening of the aortie arch with dilatation 
of the descending aorta, cardiac enlargement, and pleural fluid, if present. 

The eventual outcome in 95 per cent of the cases is external rupture of 
the aneurysm, 70 per cent into the pericardial cavity, 20 per cent into the left 
pleural cavity, and 5 per cent into the mediastinum.'! The external rupture 
usually occurs in two or three days, but may not oceur for months or years. 
Occasionally, the aneurysm may rupture back into the aortie lumen with the 
formation of a ‘‘double-barreled’’ aorta. Ninety per cent of the patients with 
dissecting aneurysm die during the first attack. 

I'rom this brief discussion, one can see where familiarity with the disease 
would have made one suspect this entity in the surgical eases (Cases 3, 4, 5, 
6, 9, 15, 16, 19, and 20) and perhaps prevented an operation. 

In eighteen of the 278 cases reported (6.5 per cent), surgical lesions were 
recorded as incidental findings at autopsy. These included such lesions as 





chronie cholecystitis with cholelithiasis, acute pancreatitis, carcinoma of the 
bronchus and stomach, paraganglioma, and diverticulosis of the sigmoid. 

In reviewing the cases where dissecting aneurysm was considered in the 
differential diagnosis, one can readily appreciate the number of surgical dis- 
eases this entity might simulate (Tables I and Il). However, if the few 
manifestations already mentioned are kept in mind, the diagnosis will not 
prove difficult. 

As yet there is no method for correcting this disease and the treatment 


consists of rest, sedation, and analgesies. 


SUMMARY 


Dissecting aortic aneurysms cause protean symptoms among which the 
symptoms of ‘‘acute abdomen’’ and other surgical diseases are more prom- 
inent than has been heretofore emphasized. A survey of the American litera- 
ture for the past eleven years has revealed that in 12.9 per cent of dissecting 
aneurysms a mistaken diagnosis of some surgical disease was made or considered. 
In one-half of the cases diagnosed as surgical disease the patients were subjected 
to futile operative intervention. We feel that this evidence is sufficient to war- 
rant the surgeon’s familiarity with the symptoms and other features of dis- 


secting aortic aneurysms lest he add to the list of useless and perhaps lethal 






operations performed when this disease is encountered. 
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A Note on the Halsted Operation for Inguinal Hernia 
To the Editoi = 


The August, 1948, issue of SURGERY contained an article by Farris, Ettinger, and 
Weinberg! entitled **The Hernia Problem, With Reference to a Modification of the MeVay 
Technique. ’’ In speaking of the Halsted operation, the article carries as a footnote the 
following statement: ‘‘Contrary to general opinion, the Halsted operation employs the prin 
ciple of suture of the internal oblique and conjoined tendon to the shelving edge of Poupart’s 
ligament without anterior transposition of the ecord.’?’ 

The authors are in error in making this statement. As the influence of the written 
word is very far-reaching, [I wish to point out just what the error is and a possible reason 
for its being made. 

Halsted? and Bassini® developed their operations simultaneously and entirely inde 
pendently of each other, and published reports of their operations at approximately the 
same time 1SS9-1890). Bassini did report his operation earlier but the reports were 
published in little-read Italian journals4, 5 and therefore did not reach the attention of the 
medical public. Both authors sutured the conjoined tendon and internal oblique muscle to 
Poupart’s ligament and their operations differed principally in their methods of handling the 
cord. Bassini transplanted the cord between the internal oblique muscle and the aponeurosis 
of the external oblique. Halsted transplanted the cord external to the aponeurosis of the 
external oblique in the subcutaneous position. As a matter of fact, Halsted6 did at the very 
outset test the relative value of cord nontransplantation, and in some cases permitted the 
entire cord to lie undislocated and altogether undisturbed in its bed. However, this work was 
not published until after Ferguson published reports of his operation in which the cord was 


not transplanted. Halsted also in his original operation resected most of the veins of the 





eord, but later abandoned this procedure because in some cases atrophy of the testicle resulted 
from it. 

Later on (1903), Halsted® abandoned his original operation and started using the 
Ferguson-Andrews operation, which he considered better than his own original procedure. 
Actually, as will be shown later, he developed this method independently of Ferguson and 
Andrews. He always had an open and an independent mind and was quick to adopt the work 
of other people if he thought it better than his own. As Halsted was the leading exponent 
of hernia surgery in America, his newly adopted operation began to be called, in places out- 
side of Baltimore, the ‘* Hopkins ’’ operation and also the ‘‘Halsted II’’ operation, 30th 
of these names are misnomers because credit for the operation should go to Ferguson? of 
Chicago, who was the first of the post 1890 workers in the field of hernia surgery to adopt 
and publish the method of leaving the cord in its bed, not transplanting it at all; and to 


1 


Andrews,’ also of Chicago, who was the first American to adopt and publish the principle of 


the imbrication of the aponeurosis of the external oblique. Luecas-Championni¢re® in France 
had utilized the principle of the imbrication of the aponeurosis of the external oblique and 
had published his work three years before Andrews’ publication appeared, so strictly speak 
ing the Ferguson-Andrews operation should be called the Ferguson-Lucas Championniére 


the nomenclature of 


operation. However, the former name has become so ingrained il 


Americar 


surgeons as to be almost impossible to dislodge 

It is easy, then, I think to understand why the authors previously mentioned fell into 
the error of thinking that the cord was not transplanted in the Halsted operation. Had they 
gone back to his original article2 his method of handling the cord would have becu clear 
1893,10 still 


to them. The article of Halsted which they quote, namely that published in 


carries the account of his original operation and deseribes the subcutaneous transplantation 
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of the cord. His 1903 article’ gives an account of the operation which he was doing at that 
time, and which was really the Ferguson-Andrews operation. This operation was a gradual 
levelopment on the part of Halsted and heé had avtually employed both of the distinguishing 


characteristics of it (the nontransplantation of the cord and the imbrication of the 


‘uponeurosis of the external oblique) before either Ferguson’s or Andrews’ articles were pub 
lished, as related in his 1903 article. This was another case of different workers developing 
the same idea simultaneously. However, the credit goes to the first in print and therefore 
[ believe that ‘*‘ Ferguson-Andrews’’* is a more proper designation of the operation adopted 
by Halsted and independently developed by him, than the term ‘‘Hopkins’’ operation, or 
‘‘Halsted IL’’ operation. Halsted was a very careful observer, a meticulous operator, and 
a painstaking investigator. It was probably due to all of these characteristics that he delayed 
publishing the operation which might very properly have been called the Halsted IL operation 
had not the salient points of it been previously published by other workers. Halsted, [ am 
sure, would be the last to wish that any credit be given him that belonged even partly to 
someone else. 

There is constant evidence in surgical writings, addresses, and conversations that there 
has been a good deal of confusion with regard to the Halsted operation. A recital of the 
facts in no way detracts from the great surgeon that he was. On the contrary, the more 


one delves into his writings, the more one is arrested by his originality and scientific genius. 


Amos R. Koontz, M.D. 
Baltimore, Md. 
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*While Lucas-Championniere® was the first to imbricate the aponeuroesis of the external 
oblique, Andrews stressed it more and used a more elaborate imbrication, placing the cord be- 
tween the two flaps of the aponeurosis—a method now little used. There is much to be said 
against using surgeons’ names to designate operations, but certain operations have become so 
well Known as identified with certain surgeons that it is difficult to change them. The Ferguson- 
\ndrews operation is one of them. Those interested in the history of the operation for hernia, 
though, will want to bear in mind the part played by others in developing this operation. 














Book Reviews 





Fundamentals of Clinical Neurology. By H. Houston Merritt, M.D., Professor of Clinical 
Neurology and Chief of Division of Neuropsychiatry; Fred A. Mettler, M.D., Ph.D., 
Associate Professor of Anatomy, and Tracy Jackson Putnam, M.D., Professor of 
Neurology and Neurological Surgery, College of Physicians and Surgeons, Columbia 


University. Pp. 289, with 94 illustrations. York, Pa., 1947, The Blakiston Company. 


This small treatise on clinical neurology is obviously written around Mettler’s 
Neuroanatomy and whatever claim to distinction it may have among the many current text 
books on clinical neurology is largely due to the excerpts, especially the anatomic illustra- 
tions, from this well-illustrated neuroanatomy. 

The final chapter consisting of twenty-six pages on the spinal fluid is a very good 
chapter. It is relatively large in relation to the other clinical discussions in the book and 
no doubt reflects Merritt’s interest in the spinal fluid as a result of his book with Fremont 
Smith on this subject. 

In the introduction the book is said to be primarily for the general practitioner of 
medicine. It is not the most easy reading he could find on the subject, but the neuro- 


anatomy illustrations will be helpful to him. 


Retropubic Urinary Surgery. By Terence Millin, M.D., Surgeon, All Saints Hospital for 
Genito-Urinary Diseases, London. Pp. 208, with 165 illustrations. Baltimore, 1947, 


Williams & Wilkins Company. 


This is a good book, well illustrated, which will be read eagerly by anyone interested 
in prostatic surgery. The experienced prostatectomist will realize that the author is strain 
ing just a little to put his ideas across, and will be inclined therefore to discount some of 
his rather unkind remarks about approaches to the prostate other than his own, and to 
chortle over the fact that ‘‘operative difticulties’’ require but two pages. It is annoying 
to find an index so fragmentary as to contain no mention of such minor matters as mor- 
tality, hospital stay, ete. 

There are interesting and rewarding chapters on the pathology of the prostate gland, 
surgical anatomy, pre- and postoperative care, retropubic enucleation of the prostate, retro 
pubie operations for prostatic carcinoma, calculi, fibrosis, and abscess, for carcinoma of the 
bladder, and for incontinence in the female, and on a perineal operation for urinary incon- 
tinence in the male. This consists of wrapping Lowsley’s ribbon catgut many times around 
the bulbous urethra in the male and tying it tight. It sounds good, although vour reviewer 
has, probably owing entirely to his own ineptitude, produced four strictures with it. 

The operations are so well described and illustrated that the reader, given sufficient 
skill, should have no difficulty in reproducing them. Owing to the deficiencies of the index, 
I cannot find the author’s figures on mortality, but it seems to me that it was about 4.5 
per cent in 375 cases. This will undoubtedly seem pretty high to the members ‘‘of a lead- 
ing middle western transurethral clinie’’ mentioned with some annoyance by the author, 
but is very good when everything is considered (drug shortages in Europe, operations in 
many hospitals in many cities, SOUL, }. 

Chief advantages claimed for retropubic enucleation of the prostate are good ex 
posure of prostatic fossa, comfortable convalescence, early healing of the wound, and short 
period of hospitalization. It will take some years for this method to find its proper place 


among the older and better established methods. 
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